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PREFACE 


The  term  Useful  Metals  is  applied  in  the  present  Yolame  to  distinguifih  it 
from  the  noble  or  Prsoious  Metals  ;  it  also  indicatee  with  .sufficient  exact- 
ness, the  metals  applicable  to  ordinary  industrial  purposes,  embracing  Iron, 
Copper,  Tin,  Zinc,  Antimony,  Lead,  and  their  various  alloys.  In  treating 
of  these  metals  and  the  chemical  principles  which  influence  their  con< 
vermon,  the  Editor  has  been  fortunate  enough  to  obtain  the  assistance  of 
writers  qualified  from  their  connection  with  Metallurgic  Science,  and  with 
practical  working  in  metals,  to  do  ample  justice  to  their  respectiye  subjects. 

In  order  that  these  gentiemen  may  be  responsible  only  for  their  own 
statements,  and  that  the  reader  may  have  sufficient  authority  for  the  several 
processes  and  principles  described  and  explained,  a  few  remarks  are  here 
necessary. 

For  the  Chapters  on  Metallurgic  Chemistry  and  Assaying,  the  Editor  is 
indebted  to  Dr.  Scofifem,  who  has  furnished  the  first  four  chapters  of  the 
work,  and  for  these  only  is  he  responsible. 

The  Chapters  on  Mining,  Mining  Ventilation,  and  Jurisprudence,  were 
written  for  the  work  by  a  Government  Inspector  of  mines.  The  space 
reserved  for  these  chapters  was  necessarily  very  limited  and  the  subjects 
treated  with  brevity ;  but  brief  as  ihej  are,  it  is  believed  that  if  the  rules 
here  laid  down,  were  more  rigorously  adopted  in  coal  and  other  mines,  such 
catastrophes  as  we  have  lately  had  occasion  to  deplore,  would  become  all 
but  impossible. 

The  Chapters  on  Iron  and  the  several  processes  used  in  its  Conversion, 
have  been  prepared  by  Mr.  Truran,  C  JB.,  author  of  the  "  History  of  British 
Iron  Manufacture,"  and  for  many  years  engineer  at  the  Dowlais,  Hirwain, 
and  Forest  Iron  Works  under  Sir  John  Guest,  and  Mr.  Crawshay.  It  is 
necessary  to  add  here  that,  Mr.  Truran  is  not  answerable  for  the  papers  on 
the  recentiy  patented  processes  described  in  Chapter  XIV,  nor  for  the 
opinions  expressed  respecting  them. 

In  describing  the  inanipulative  processes,  we  are  indebted  to  Mr.  Clay 
of  the  Mersey  Iron  and  Steel  Works,  for  the  processes  and  tools  necessary  for 
working  Malleable  Iron  in  large  masses,  including  the  details  connected  with 
the  large  Wroughtlron  gun  presented  to  the  Nation  by  that  Company,  of 
which  Mr.  Clay  is  the  Manager. 
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For  the  paper  on  Steel  manufacture,  the  Editor  is  indebted  to  a  gentle- 
man of  great  practical  experience,  who  wishes  to  remain  unknown.  It  is 
but  justice,  however,  to  this  gentleman,  to  state  that  he  is  neither  re- 
sponsible for  the  opioions  expressed  respeeting  Heath's  and  other  patented 
processes  named ;  nor  for  the  statements  respecting  Mr.  Huntsman's  dis- 
covexy  of  Cast-Steel,  these  details  having  been  communicated  through 
another  channel. 

The  application  of  Iron  to  the  purposes  of  Chrdnance,  Machinery,  Bridges, 
tt^d  to  House  and  Ship  building,  by  Wm.  Fairbaim,  F.R.S.,  will  be  read  with 
interest;  Mr.  Yose  Pickett's  summary  of  his  New  System  of  Iron  Archi- 
tecture, is  also  a  subject  to  which  public  attention  is  not  unlikely  to  be 
more  particularly  directed. 

The  Chapters  on  Iron  working  for  Use  and  Ornament,  and  the  Manipu- 
lation and  Construction  of  Ornamental  Iron-work,  by  Mr.  W.  C.  Aitkin,  of 
the  Cambridge  Works,  Birmingham,  will  be  found  worthy  of  the  attention 
of  the  practical  reader. 

The  Chapters  on  Copper,  Tin,  Zinc,  and  Antimony,  are  by  Mr.  Oxland 
of  Plymouth,  with  the  exception  of  the  portions  on  Copper  and  Tin  Mining, 
which  are  partly  by  Mr.  Truran,  and  partly  by  Mr.  Oxland. 

It  was  intended  that  this  volume  should  conclude  with  a  paper  on 
Lead  from  the  pen  of  Dr.  Bichardson;  but  at  his  suggestion  it  has  been 
determined  to  postpone  this  paper;  the  intention  now  being  that  Dr. 
Bichardson  in  connection  with  Mr.  Sopwith,  C.E.,  manager  of  the  Allen- 
head  Lead  Works,  should  prepare  a  complete  and  comprehensive  treatise 
on  the  subject,  embracing  all  the  modem  inventions  connected  with  this  im- 
portant metal,  and  treating  of  it  in  connection  with  silver,  with  which  it  is 
so  constantly  found  m  nature.  The  short  treatise  now  given,  therefore,  is  a 
compilation  for  which  Dr.  Bichardson  is  in  no  respect  responsible,  an^  is 
only  added  in  order  that  so  important  a  metal  should  not  seem  to  be  over- 
looked in  a  volume  treating  of  the  "  Useful  Metals." 


Amen  Cobner,  Patebnobtbb  Bow, 
July,  1857. 
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CHAPTER  I. 

ON   METALLURGIC   CHEMISTRY.. 

In  adopting  the  title  '*nseiiil  metals"  as  a  basis  of  classification,  a  casnal 
Borvey  of  the  materials  concerned  is  alone  necessary  to  render  evident  the 
conventional  nature  of  the  term.  To  affirm  that  all  the  metals  are  useful,  is 
only  to  narrow  the  universal  proposition  that  everything  which  God  has  made 
is  useful :  various  evident  degrees  of  utility,  however,  there  are  in  all  created 
things;  and  especially  does  this  remark  apply  to  metals.  We  anticipate, 
therefore,  but  little  difficulty  in  effecting  a  division  of  this  subject. 

In  every  treatise  of  technical  import,  some  kind  of  practical  classification  is 
involved;  and  in  a  matter  of  such  universal  interest  as  the  metals,  it  appeared 
to  the  editors  of  this  volume  that  monographs  on  the  "  useful"  metals,  dealt 
with  by  practical  men,  would  come  before  the  world  with  significance  enough 
to  command  attention  in  this  pre-eminently  metallic  age. 

By  no  means,  however,  is  it  to  be  supposed  that  we  regard  the  metals  ex- 
dnded  from  this  class  as  useless.  On  the  contrary,  we  hope  to  deal  with 
them  ho'eafter  in  a  way  that  shall  vindicate  the  division  we  have  adopted ; 
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%vhile  we  exercise  the  same  supervision  on  their  treatment,  and  the  same 
conscientiousness  of  selection,  as  to  authorship,  which  have  been  brou^t 
to  bear  on  the  production  of  the  monographs  about  to  be  submitted  to  public 
notice. 

The  principles  which  have  been  adopted*  for  the  guidance  of  the  editors 
should  be  here  explained.  They  are  somewhat  peculiar ;  and  therefore  some- 
what novel.  Social  circumstances  have  worked  amongst  other  social  changes 
a  division  of  persons  into  those  who  write  books  and  those  who  do  not.  Cer- 
tain facilities  of  acquaintance  with  the  heads  of  a  subject,  and  a  corresponding 
readiness  in  turning  it  into  presentable  shape,  have  been  adopted  as  a  pro- 
fession. The  art  has  been  cultivated  of  putting  facts  into  shape  by  persons 
often  ignorant  of  tlie  significance  and  ramifications  of  those  facts ;  thus  con- 
stituting the  art  of  book-making  as  distinguished  from  the  art  of  fact-teaching 
by  books.  It  appeared  to  us,  that  the  art  had  been  carried  too  fior  for  the 
interests  of  true  scientific  instruction — ^that  a  store  hi  too  great  had  been  set 
upon  the  blandishments  of  literary  style  in  matters  purely  utilitarian,  and 
that  if  choice  there  needs  must  exist,  between  a  truth  inelegantly  told  by  a 
practical  man  who  knew  the  import  of  that  truth,  and  who  told  it  whilst  yet 
under  the  force  of  its  inspiration,  and  of  another  who,  without  any  practical 
acquaintance,  could  urge  no  better  claim  to  appreciation  than  mere  literary 
style,  the  former  alternative  should  be  chosen.  We  determined,  therefore,  to 
have  nothing  to  do  with  any  but  practical  men ;  and  in  tlie  preparation  of  the 
forthcoming  pages  that  determination  has  been  worked  out. 

It  is  but  just  to  mention  these  peculiarities  in  the  system  on  which 
the  present  volume  has  been  initiated.  A  perusal  of  the  monographs  now 
before  us  justifies  the  impressions  under  which  that  attempt  was  made ;  and 
the  names  of  the  authors  pledged  to  the  remaining  papers  will  doubtless 
extend  tlie  justification. 

The  Uflelol  Metals  and  Metallic  Ozes  Defined. — Of  sixty-four  simple 
or  elementary  material  bodies,  no  less  than  fifty  or  fifty- one  ore  metalHc. 
We  shall  not  enter  upon  the  characteristics  which  serve  to  define  a  metal — 
that  more  especially  belongs  to  the  functions  of  a  chemical  treatise,  and  has 
already  been  done  in  our  volume  on  Chemistry,  in  the  Cibcle  of  the 
Sciences  ;  but  taking  it  for  granted  that  the  attributes  of  a  metal  axe  suffi- 
ciently well  agreed  upon  for  popular  use,  we  shall  proceed  to  ofier  a  few 
general  remarks  on  their  useful  properties,  of  which  rigidity,  cohesion,  tena- 
city, and  durability,  are  the  most  remarkable,  although  many  more  ore  con- 
joined in  variable  degrees. 

The  ancients  were  only  acquainted  with  seven  metals,  whereas  %ve  know 
of  fifty  or  fifty- one;  nevertheless  those  now  in  most  general  requisition, 
and  to  which  the  appellation  "  useful  metals"  most  peculiarly  belongs,  were  all 
known  to  the  ancients.  Methods  of  working  them,  however,  and  new  sources 
from  which  to  obtain  them,  have  multiplied  so  much  in  modem  times,  as 
almost  to  rank  in  importance  \sith  the  discovery  of  the  existence  of  a  new 
metal. 

Metals  are  either  found  native — ^that  is  to  say,  in  the  condition  of  obvious 
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metallic  existence — or  they  are  combined  with  other  substances,  so  as  to  lose 
all  obvions  eyidence  of  their  metallic  constitution.  The  latter  condition  is 
bj  fJEur  the  more  frequent ;  and  to  this  fact,  mere  than  any  other,  the  consecu- 
tive history  of  special  metallic  discoveiy  is  attributable.  This  circumstance 
leads  us  to  an  important  chemical  consideration,  having  reference  to  the 
comparative  tendencies  of  different  metals  to  combine  with  the  non-metallic 
elements,  and  to  lose  by  such  combination  their  obvious  metallic  form.  The 
term  "  noble  metals,*'  tliough  applied  to  gold  and  silver  in  ages  when  the 
principles  of  chemical  science  were  unknown,  have  nevertheless  a  positive 
chemical  significance.  Modem  discovery  has  added  platinum  to  the  list ;  and 
they  all  agree  in  the  property  of  being  very  slow  to  combine  with  any  foreign 
material  save  other  metals.  Hence  it  is  that  they  are  so  frequently  found 
(gold  and  platinum  almost  universally)  in  the  native  or  metallic  state — united 
frequently  with  other  metals,  it  is  true,  but  still  exhibiting  the  metallic  aspect. 
Kthe  noble  metals  existed  in  larger  quantity — offered  equal  facility  for  working 
them,  and  equal  hardness  after  being  worked — ^their  slowness  to  unite  with 
oxygen  would  render  them,  more  than  all  others,  deserving  of  the  appellation 
of  "  useftd  metals  ;*'  but,  being  deficient  in  these  qualities,  notwithstanding 
their  nobility,  they  must  yield  the  pahn  to  iron,  tin,  copper,  zinc,  and  lead,  in 
the  first  instance,  and  perhaps  to  mercury,  or  quicksilver,  and  bismuth  also ; 
considering  the  various  applications  of  tliese  metals  to  the  useful  arts  of  life. 

The  progress  of  metallurgy  and  of  smelting  operations,  demonstrates  how 
great  may  be  the  advance  of  arts  based  upon  scientific  principles,  without 
these  principles  being  understood.  The  production,  and  utilization  of  metals, 
are  intimately  allied  with  chemistry;  and  deriving  such  immense  advantages 
from  the  application  of  chemical  principles  at  this  time,  it  is  extraordinary  to 
reflect  on  the  comparative  excellence  to  which  tlie  art  of  working  several 
useful  metals  had  arrived,  before  the  aggregation  of  chemical  facts  and  prin- 
ciples to  which  the  denomination  "  science"  is  alone  justly  due,  had  dawned. 
Chemical  science  may  be  indeed  said  to  rest  on  on  historical  basis  of  metal- 
lurgic  aspirations,  and  metallurgic  empiricism. 

Coeval  with  the  earliest  historical  records,  some  metals  were  worked,  and 
the  operations  of  working  involved  the  influence  of  chemical  laws ;  yet  the 
simplest  principles  of  chemistry  had  not  then  dawned.  At  later  periods  it 
was  alchemy — the  vague  hallucination  of  making  gold — which  prompted  men 
to  undertake  investigations  fruitful  of  chemical  deductions,  to  be  marshalled 
into  a  science  hereafter.  Metdlurgy,  then,  may  justly  lay  claim  to  be  con- 
sidered the  foilntoin  source  of  chemistry ;  and  the  subsequent  development 
of  the  science  to  the  art,  might  supply  the  theme  of  argument  in  favour  of 
empiricism  over  intellcctuaUsm,  if,  at  various  periods  "nithin  the  last  two 
hundred  years,  the  miner  and  the  metallurgist,  by  their  devotion  to  chcmis- 
tiy,  and  the  chemist  by  his  successful  labours  in  the  practical  fields  of 
mining  and  smelting,  had  not  demonstrated  how  mutual  is  the  relation 
between  theory  and  practice— how  inseparable  for  good — how  redundant  of 
advantages  the  one  to  the  other.  Metallurgy  (accepting  the  word  in  its  most 
extensive  signification)  derives  its  best  processes,  and  not  unfrequently  its 
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best  practical  aids,  from  a  du«  appreciation  of  chemical  principles.  And,  on 
the  other  hand,  the  mere  theoretical  chemist  derives  a  useful  lesson  of  the 
necessity  of  checking  his  tlieoretical  deductions  by  facts,  as  tliey  are  found 
to  be,  by  attending  to  some  of  the  teachings  of  metallurgy.  Several  metallic 
operations  tliere  are,  the  success  of  which  is  at  variance  with  all  the  theo- 
retical indications  of  chemistry.  "  Corpora  non  agunt  nisi  fluida"  was  a 
chemical  dictum  of  received  imiversality ;  nevertheless,  the  practice  of  an- 
nealing, or  the  conversion  of  iron  into  steel  by  combination  with  carbon,  is  a 
practical  refutation  of  the  universality.  This  process  consists  in  the  heating 
together  iron  bars  and  wood-charcoal  in  a  suitable  furnace.  Both  iron  and 
carbon  are  here  brought  together  in  the  solid  state ;  both  may  be  said  to  be 
devoid  of  volatility — and  almost  of  liquidity;  nevertheless,  in  violation  of  the 
formerly  received  canon,  combination  ensues,  and  steel  is  made.  A  similar 
disaccordance  between  the  indications  of  theory,  and  the  teachings  of  prac- 
tice, is  illustrated  by  the  hot- blast  operation,  introduced  some  years  ago  in 
the  practice  of  iron  smelting.  On  the  other  hand,  chemistry  illuminates 
many  dark  recesses  in  the  field  of  metallic  empiricism,  and  points  to  facts, 
the  existence  of  which  would  not  have  been  suspected. 

It  is  unnecessary,  however,  further  to  expatiate  on  the  advantages  which 
the  metal-worker  derives  from  the  knowledge  and  application  of  chemical 
theory — the  connection  being  now  admitted  by  none  more  readily  than  by 
the  practical  metallurgist. 

Metallurgy  off  Antlqnlty. — ^In  illustration  of  the  mutual  dependences 
of  a  branch  of  practical  metallurgy  and  chemical  science,  it  may  be  here  not 
unadvisable  to  anticipate  the  contents  of  the  monographs  which  especially 
deal  with  special  metals,  and  to  trace  cursorily  the  various  phases  which  the 
production  of  the  metal  iron  has  imdergone.  From  one  of  several  metalliferous 
sources  this  useful  body  has  been  produced  from,  perhaps,  the  earliest  his- 
torical periods.  True  though  it  be  that  the  ancient  Greeks  at  the  very  earliest 
period  of  their  histoiy  do  not  seem  to  have  been  acquainted  with  the  exist- 
ence of,  far  less  the  method  of  working,  iron — yet  we  read  of  both  in  Scrip- 
ture :  and  there  is  good  reason  to  believe  that  anterior  to  the  earliest  historical 
record  of  the  Greeks,  iron,  and  the  processes  of  manufacturing  it,  were  known 
in  China,  and  Hindostan.  We  know,  too,  that  immutability  is  impressed  on 
all  the  processes  of  the  East;  whence  it  is  not  unreasonable  to  infer  that  the 
processes  of  rude  iron  manufacture  now  followed  in  Asia  are  types  of,  if  not 
identical  with,  the  processes  followed  there  in  times  long  passed.  What  are 
these  processes  ?  What  is  their  general  characteristic  ?  What  are  the  prin- 
ciples involved?  What  is  the  result?  One  general  scheme  of  appliances 
pervades  them  all.  The  object  is  to  begin  with  an  ore  of  iron  capable  of 
reduction  by  charcoal  fuel,  and  of  yielding  a  semi-fluid  result,  wliich  the 
subsequent  process  of  welding  fashions  into  shape.  Even  in  this  simple 
form  of  iron-smelting  a  good  deal  of  latent  chemistry  is  involved ;  but  the 
fullest  acquaintance  with  chemistiy  could  not  improve  the  practice  of  iron- 
Smelting  as  followed  by  tlie  Persians  and  Hindoos,  if  limited  to  the  means 
at  their  command,  and  the  ends  proposed  to  be  gained.    The  iron  manufac- 
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tore  of  England,  as  prosecuted  in  bloomaries  by  the  aid  of  charcoal  fael,  was 
only  a  modification  of  the  Persian  method,  and  conducted  ahnost  as  empiri- 
cally. No  sooner  was  the  practice  of  iron-smelting  by  charcoal  fuel  abolished, 
and  pitcoal,  or  its  immediate  derivatiye  coke,  introduced,  than  an  application 
of  chemical  principles  became  necessary.  How  far  these  applications  resulted 
in  empirical  tentative  experiments,  or  in  the  suggestions  of  chemical  teaching, 
it  would  not  be  possible  at  this  time  to  decide ;  but  the  historian  of  the  iron 
manufacture  has  not  to  pursue  his  labours  much  further  before  the  reaction 
of  chemical  knowledge  on  mere  empiricism  is  made  evident.  Practice  demon* 
strated  the  fskct  that  coal-smelted  iron  was  inferior  to  charcoal-smelted  iron ; 
but  practice  could  not  say  wherefore  until  science  came  to  the  iron-smelter's 
aid;  making  known  to  him  the  composition  of  pit-coal,  proving  that  it  con- 
tained many  foreign  substances,  which  found  their  way  ijito  the  smelted  iron 
and  iiy  ured  its  quality.  Analysis  of  coal-smelted  iron  demonstrated  the  exist- 
ence of  both  sulphur  and  phosphorus  incorporated  with  it — demonstrated 
moreover  that,  caUris  paribu*,  the  amount  of  deterioration  of  the  iron  was  m 
direct  proportion  to  the  quantity  of  these  elements  which  it  contained. 

Chemistiy  next  began  to  shed  a  light  on  the  nature  and  property  of  fluxes, 
in  showing  how  a  mixture  of  several  iron  ores  might  conduce  to  yield  a  more 
fluid  mass  in  the  furnace  than  any  one  ore  by  itself.  The  next  chemical 
glimmering  fell  on  the  apprehension  of  Cort,  that  Nestor  of  the  British  iron- 
trade;  and  led  to  his  improvements  in  the  processes  of  refining  and  puddling, 
the  results  of  which,  combined  with  the  rolling  aid  devised  by  his  mechanical 
genius,  eventuated  in  Britain  supplying  iron  in  large  quantities  to  other 
countries  from  which  she  had  heretofore  obtained  that  metaL 

0OVO*  i>£  Bfitlah  Ivoa« — ^It  was  our  proposition,  that  as  the  operations 
of  metallurgy  (accepting  the  word  in  its  largest  sense)  came  down  to  our  own 
times,  the  reaction  of  theoretical  chemistry  upon  its  practical  development 
has  continued  to  increase.  We  now  come  to  deal  with  the  qources  of  British 
iron,  which  may  be  roughly  divided  into  iron  ores,  and  clay  iron-stone.  The 
former  exists  in  various  parts  of  these  Isles ;  but  the  latter  assumes  an  enor- 
mous bulk  in  certain  coal-yielding  localities.  Whilst  the  supply  of  British 
wood- charcoal  lasted,  and  before  the  demand  for  iron  became  so  enormous,  as 
it  has  from  the  beginning  of  the  last  century,  charcoal  answe^d  its  purpose 
tolerably  well.  The  iron  manufactured  by  it  resulted  in  small  quantity ;  but, 
by  comparison  with  coal,  or  coke-smelted  iron,  it  was  pure.  England,  how- 
ever, in  course  of  time  became  deforested  in  the  neighbourhood  of  the  existing 
iron-works, — the  sou^e  of  wood-charcoal  thus  fedled,  and  pit-coal  of  necessity 
was  obliged  to  be  employed  henceforth  for  the  production  of  iron.  Simulta- 
neously with  its  adoption,  the  clay  iron-stone  began  to  supply  the  place,  to  a 
variable  extent,  of  iron  ore.  The  result  was  attended  with  both  advantages 
and  defects. 

Iron  admitted  of  being  obtained  in  enormous  quantities  from  these  sources ; 
but  it  had  no  longer  the  purity  of  the  charcoal-iron  of  heretofDre.  Not  only  was 
the  quality  of  the  result  deteriorated  by  the  presence  of  impurities  originally 
contained  in  the  ore,  but  other  impurities,  especially  sulphur,  derived  their 
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existence  from  the  coal  or  coke  employed  as  fuel.  Against  the  presence  of 
these  impurities  our  iron  manufacturers  have  continued,  in  one  sense,  to 
struggle  up  to  the  present  time.  The  difficulty  of  getting  rid  of  these  im- 
purities, however,  has  not  heen  all  to  the  disadvantage  of  our  country.  The 
fact  is  known  even  to  general  popularity,  that  the  only  difference  hetween 
wrought-iron  and  cast-iron  consists  in  the  relation  hetween  the  extraneous 
hodies — chemically  speaking,  impurities — ^in  each ;  and  the  results  of  mecha- 
nical  action  upon  the  former.  Iron  ahsolutely,  or  chemically  pure,  is  far 
more  rare,  and  more  difficult  to  ohtain,  than  ahsolutely  pure  gold.  It  is, 
indeed,  only  met  with  in  chemical  lahoratories,  and  very  seldom  there. 
Wrought-iron,  however,  may  he  practically  considered  as  pure  iron;  and 
cast-iron  as  the  latter  comhined  with  some  four  or  five  per  cent,  of  impu- 
rities. That  such  impurities  are  not  prejudicial  to  the  nature  of  iron  for 
all  purposes  and  all  uses,  will  he  rendered  sufficiently  evident  hy  a  con- 
sideration of  the  products  made  of  wrought  and  cast-iron  respectively. 
Wrought-iron  (that  is  to  say,  commercially  pure  iron)  is  almost  infusihle. 
By  virtue  of  its  malleahility  and  power  of  adhesion  under  the  operation  of 
welding,  it  may  be  fashioned  into  a  multiplicity  of  useful  forms ;  hut  if  any 
person  casts  his  eye  over  the  comparative  number,  and  vaiiety,  of  the  pro- 
ducts of  cast  and  wrought-iron  respectively,  and  reflects  on  the  fusible 
quality  which  the  presence  of  certain  impurities  confers,  he  will  rise  from  the 
survey  with  the  conviction  that  the  existence  of  these  impurities  in  iron,  and 
the  difficulties  of  evolving  them,  are  not  without  their  advantages.  To  these 
circumstances  we  owe  the  enormous  development  which  the  production,  and 
working  into  shape,  of  cast-iron  has  attained  in  these  realms ;  so  that  whilst 
we  have  been  necessarily  dependent  upon  the  purer  charcoal  iron  of  Sweden, 
Norway,  and  Kussia,  as  the  basis  of  our  steel,  and  wrought  iron,  for  ex- 
clusive purposes — east-iron  girders,  and  bridge-beams,  made  in  this  countiy, 
have  been  exported  to  every  part  of  the  civilized  world. 

Nevertheless,  it  was  desirable  that  the  capabilities  of  this  country  for 
the  manufacture  of  iron  should  not  be  restricted  to  the  operation  of  casting ; 
but  that  we  should  be  able  to  abstract  the  four  or  five  per  cent,  of  impurities 
from  the  cast  material,  and  thus  change  it  into  wrought-iron.  All  the  con- 
secutive impr^ements  in  refining,  and  puddling,  have  had  reference  to  this 
end ;  but,  notwithstanding  the  comparative  perfection  to  which  these  pro< 
cesses  have  been  brought  by  Cort,  and  others, — ^notwithstanding  the  mechani- 
cal aids  of  hammering,  and  rolling,  by  which  it  wcui  hoped  that  such  impurities 
as  could  not  be  rendered  capable  of  entering  by  combustion  into  volatile  pro- 
ducts, would  be  mechanically  forced  away, — ^the  problem  has  never  been  solved 
of  abstracting  the  impurities  from  cast-iron,  and  rendering  the  result  equal  iu 
quality  to  the  charcoal  wrought-irons  imported  from  Russia,  Norway,  and 
Sweden.  All  the  chemical  processes  of  iron-purification  hitherto  employed  on 
the  large  scale;  had  been  based  on  the  operation  of  bringing  highly-heated 
external  surfaces  of  molten,  or  pasty  iron,  in  contact  with  atmospheric  air,  and 
renewing  the  surface  as  often  as  tiie  impurities  which  studded  it  had  been 
burned  away,    Tlie  operations  of  refining  and  puddling  were  designed  with 
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this  object  in  view;  and  the  operations  of  mechanical  extinision  effected  hj 
hammering,  or  cylindrical  pressure,  were  designed  with  the  object,  and  snc- 
cessfiilly  earned  out  up  to  a  certain  point,  of  accomplishing  by  mechanical 
means  that  which  chemistry  alone  was  unable  to  effect. 

Refining  Processes. — ^Every  person  who  takes  a  passing  glance  at  the 
operations  of  metaUuxgy  in  the  aggregate,  cannot  fail  to  be  struck  with  a 
certain  functional  similarity  between  the  process  of  cupellation  as  applied  to 
separate  ignoble  from  noble  metals,  and  the  process  of  puddling,  by  virtue  of 
which  the  impurities  held  by  cast  iron  are  removed  from  the  latter.  In  both 
cases  the  general  result  is  obtained  by  passing  a  current  of  air  over  a  highly 
heated  metallic  surface.  The  puddling  process  (for  perfecting  which  the  world 
was  indebted  to  the  ill-requited  BichardCort)  consists  in  placing  partly-purified 
iron  in  a  reverberatory  furnace,  and  vigorously  stirring  it  about  so  as  to  expose 
it  to  the  action  of  the  air :  by  which  operation  oxygen  is  rapidly  absorbed, 
while  carbonic  acid  gas  escapes,  giving  the  metal  a  bubbling  and  boiling 
appearance.  As  carbon  escapes,  the  metal  passes  from  a  fluid  to  a  spongy 
half  fluid  mass ;  and  in  this  state  it  is  ready  for  the  puddlcr.  The  metal  is 
collected  at  the  end  of  an  irou  bar,  in  a  ball  or  bloom  of  sufficient  size,  which 
is  swung  through  the  air,  and  placed  under  the  forge-hammer,  to  the  crushing 
blows  of  which  it  is  subjected ;  being  turned  and  twisted  in  every  possible 
direction,  while  sparks  of  fire  dart  from  the  surface,  and  liquid  drops  exude 
from  the  interior  of  the  metal. 

This  is  continued  until  the  ball  rings  under  the  hammer,  and  the  liquid 
drops  give  place  to  scaly  masses.  In  this  state  it  is  passed  through  the 
rollers, in  the  grooves  of  which  it  is  drawn  out,  and  compressed,  then  doubled 
up  and  rolled ;  again  heated,  doubled  up  and  rolled,  until  the  process  is  com- 
plete. The  new  process,  by  which  the  reader  will  be  at  no  loss  to  understand 
that  we  advert  to  the  scheme  devised  by  Mr.  Bessemer,  advances  by  one  step 
further,  as  it  is  stated ;  and  may  be  considered  to  be  a  nearer  approach  to  the 
complete  purification.  By  it  a  current  of  atmospheric  air  is  forcibly  projected 
not  over  but  through  a  molten  mass  of  impure  iron;  and  it  is  assumed 
that  by  the  chemical  operation  Of  this  atmospheric  blast,  such  impmities 
as  are  at  once  combustible,  and  the  volatile  results  of  combustion,  will  be 
expelled. 

Now  the  combustible  extraneous  matters  are  for  the  most  part  carbon, 
sulphur,  and  phosphorus.  The  results  of  combustion  of  the  first  will 
evidently  be  carbonic  add  and  carbonic  oxide,  both  volatile ;  of  the  second, 
sulphurous  add,  also  volatile ;  of  the  third,  phosphoric  acid,  not  volatile. 
The  theory  of  the  process  is  based  upon  the  idea  of  removing  the  impurities 
by  the  heat  developed  from  their  own  combustion ;  instead  of  employing 
other  combustibles,  themselves  holding  impurities. 

A  more  beaotifrd,  and  more  immediate,  application  of  chemical  knowledge 
to  improvement  of  the  iron  manufacture  it  is  impossible  to  conceive ;  although 
from  its  recent  occurrence,  and  the  probationary  stage  to  which  it  has  only 
yet  arrived,  we  are  preduded  from  treating  of  it  without  a  certain  feeling  of 
constraint  inseparable  from  the  dawn  of  all  new  inventions. 
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Our  remarks  have  already  conveyed  sufficiexit  intimatdon  of  our  cognizance 
that  tbe  indications  of  theory  and  the  deductions  of  practice  are  not  always 
accordant,  to  satisfy  the  reader  of  our  freedom  from  any  mere  theoretical 
bias.  At  this  early  period,  however »  Mr.  Bessemer,  in  common  with  every 
inventor  who  lays  before  the  world  a  proposition  which  he  believes  in,  and 
which  a  large  section  of  the  public  is  prepared  to  receive  as  an  improvement 
on  pre-existing  modes,  is  probably  experiencing  some  of  the  crosses  and  dis- 
agreeables inseparable  from  the  office  of  pioneer  in  the  regions  of  science  or 
the  arts.  It  is  only  a  matter  of  common  justice  then,  that  those  who  have  to 
speak  or  write  of  processes  in  his  domain,  should  give  them,  so  far  as  in 
them  lies,  a  helping  word  of  congratulation.  Without,  therefore,  committing 
ourselves  to  a  premature  expression  as  to  how  much,  or  how  little,  the  pro- 
cesses may  accomplish,  we  are  justified  in  stating  that  which  is  much  more 
satisfactory  to  him  and  to  us.  The  communications  we  have  opened  in  rela- 
tion to  the  papers  in  hand  have  necessarily  thrown  us  into  correspondence 
with  various  iron-smelters.  On  the  premises  of  one  of  these — one  of  the 
largest,  if  not  the  very  largest  in  the  kingdom-^-Mr.  Bessemer's  process  is 
about  to  be  placed  on  trial,  and  under  the  most  favourable  auspices  for  a 
searching  and  impartial  one ;  the  result  of  which  will  be  communicated  to 
our  readers  in  its  proper  place  in  tlie  present  volume. 

But  it  becomes  a  question  of  very  grave  import,  and  one  requiring  the 
test  of  wear  and  tear  of  time  as  well  as  experiment  to  set  at  rest,  whether 
there  are  not  mechanical  requirements  in  preparing  malleable  iron  not  com- 
prised in  Mr.  Bessemer's  process.  Iron,  liJke  all  other  metals,  has  a  strong 
tendency  to  crystallize  at  a  given  temperature ;  and  an  ingenious  friend 
— theorizing  on  the  subject — suggests  an  hypotliesis  which  we  have  not  met 
with  before,  that  the  puddling  process  supplies  a  mechanical  as  well  as  a  che- 
mical bond  of  union  in  the  metal.  The  crystals,  he  suggests,  are  disturbed 
at  the  moment  of  formation,  driven  into  each  other  by  the  stirring  operation ; 
and  that  the  jagged  edges  of  the  particles  tlius  become  knitted  or  laced  into 
each  other  in  a  fibrous  mass. 

This  would  seem  to  explain  the  tenacious  and  fibrous  character  of  wrought- 
iron ;  and  if  so,  it  may  be  doubted  if  the  new  process  will  altogether  supercede 
that  of  puddling,  though  it  may  greatly  facilitate  the  operation. 

Nor  does  it  appear  that  Mr.  Bessemer  will  be  sufiered  to  monopolize  the 
attention  of  those  interested  in  iron :  Mr.  Plant,  of  Holly  Hall  Golliezy, 
Dudley,  had  patented,  as  early  as  July,  1849,  a  refining  process,  by  which  a 
current  of  air  and  steam  is  directed  upon  the  iron  while  it  is  in  tlie  puddling 
furnace.  Another  process,  patented  in  1855,  by  Mr.  Martien,  of  New  Jersey, 
U.  S.,  consists  in  passing  currents  of  air  and  steam  through  the  heated 
cast-iron  as  it  runs  from  the  blast  furnace.  A  third  invention  is  by  Captain 
Uchatius,  Engineer-in-Chief  of  the  Imperial  Arsenal,  Vienna,  %vho  has  devised 
a  method  of  producing  every  description  of  cast-steel,  from  crude  pig  iron, 
in  the  short  space  of  tiiree  hours,  and  the  process  was  exhibited  in  London 
before  a  number  of  scientific  and  practical  men  to  their  entire  satisfaction, 
as  it  is  stated ;  although  his  experiments  here  were  conducted  in  furnaces 
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not  well  suited  to  the  operation.  This  process  consists  of  running  melted  pig- 
iioQ  horn  a  crucible  into  a  vessel  filled  with  water,  when  the  iron  is  converted 
into  small  granulated  shot-like  particles.  A  weight  of  twenty-four  pounds  of 
these  granulated  iron  drops  wss  mixed  with  crushed  ore  and  filled  into  a  cru- 
cible, which  was  placed  on  the  furnace  prepared  for  it.  After  the  lapse  of  a 
period  of  two  hours  and  three-quarters  the  crucible  was  taken  from  the  furnace 
and  the  contents  poured  into  an  iron  mould.  When  this  was  opened  an  ingot 
of  steel  weighing  twenty-five  pounds  was  exhibited  to  the  company,  and  pro- 
nounced by  competent  judges  to  bear  evexy  external  evidence  of  being  perfect 
in  quality.  While  this  metal  was  being  melted,  an  ingot  of  steel  prepared  by . 
this  process  at  the  steel-works  of  Messrs.  Turton,  of  Sheffield,  was  subjected 
to  the  steam-hammer,  and  a  bar  of  steel  produced  from  the  ingot,  which  was 
pronounced  to  be  of  excellent  quality  by  the  practical  men  present.  It  is 
impossible  to  over-estimate  the  importance  of  these  discoveries,  should  they 
bear  the  test  of  experiment  on  a  suitable  scale. 

Between  theoretical  indication  and  practical  confirmation,  however,  there  is 
a  bridge  to  be  passed,  which  frequently  breaks  down  and  engulfs  the  inventor, 
through  the  interposition  of  some  collateral  obstacle.  It  may  be  that  the  pro- 
cesses of  Mr.  Bessemer  and  the  other  ingenious  men  named  are  in  this  category. 
Davy  suggested  the  protection  of  the  copper  bottoms  of  ships  by  the  attach- 
ment of  zinc  galvanic  preservers.  He  caused  the  suggestion  to  be  practically 
carried  out,  and  quocui  protection  it  succeeded.  But  Davy  was  foiled,  and  his 
process  was  rendered  inoperative,  through  the  interposition  of  a  collateral  cir* 
camataiice,  which  had  not  entered  into  his  calculations.  The  copper  was  no 
sooner  prevented  from  undergoing  solution,  than  its  surface  became  harmless; 
sea- weeds  and  sea  mollusks  stuck  to  it,  and  the  ship's  coiirse  was  impeded 
thereby.  It  may  be  somewhat  thus  with  the  inventions  to  which  we  have 
adverted;  some  collateral  issue  may  interfere  with  the  practical  realisation  of 
the  inventor's  hopes,  in  respect  of  tlie  invention.  It  is  always  well  to  bear  in 
mind  these  probabilities,  seeing  that  they  are  the  reflex  of  the  history  of  most 
inventions;  but  nevertheless  the  theory  on  which  Mr.  Bessemer*s  operation 
is  based  is  so  simply  beautiful,  that  now,  at  this  early  stage  of  it,  before  the 
ultimate  practical  issues  of  it  are  known,  it  is  fitting  that  Mr.  Bessemer  should 
be  cheered  with  the  provisional  recognition  which  a  clear  apprehension  of 
principles,  and  a  seemingly  practical  way  of  giving  them  effect,  bespeak  as 
justly  his  due.  Whilst  acting  the  part  of  avatit  courier  to  the  practical  mono- 
graphs which  follow,  we  only  claim  to  look  at  the  broad  field  of  metallurgy 
from  a  theoretical  point  of  view.  In  the  puny  microcosm  of  a  chemical  labo- 
ratory, where  thousands  of  little  appliances  can  be  invoked  to  gain  the  end  pro- 
posed by  chemical  analysis — ^it  is  possible,  nay  it  is  probable,  that  a  chemist 
may  not  justly  interpret  the  data  which  small  operations  evolve,  into  the  less 
numerous,  though  individually  larger,  conditions  of  the  practical  man. 

AAraata^as  of  Gasi-Isoii. — ^We  have  already  intimated  that  the  pre- 
sence of  impurities  in  iron  as  rendered  by  our  smelting  works,  and  the 
difficulties  of  removing  them,  are  not  barren  of  all  good  results ;  and  we 
have  adverted  to  the  capabilities  of  cast-iron.    Let  us  now  contemplate  the 
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subject  of  iron  from  the  opposite  point  of  view ;  let  us  assume  that  instead 
of  the  facility  wherewith  the  genius  of  our  smelting  operations  enables  us  to 
turn  out  enormous  quantities  of  iron,  cast  into  the  form  required,  the  genius 
of  the  process  had  been  in  the  direction  of  depriving  us  of  this  impure  ma- 
terial, but  rendering  us  iron  commercially  pure — ^that  is  to  say,  in  the  state  of 
wrought  iron.  What  difficulties  would  have  beset  us  then !  The  operation 
of  casting  no  longer  possible,  but  every  piece  of  manufactured  iron  being 
necessarily  manufactured  by  the  laborious  opperations  of  forging,  ham> 
mering,  and  welding — ^uot  merely  would  the  price  of  iron  for  many  purposes 
have  been  enhanced,  but  for  numerous  purposes  to  which  iron  is  now 
applied  it  could  not  have  been  used  at  all.  Contemplate  the  pieces  of  cast- 
iron  which  constitute  the  blocks  of  which  Southwark  Bridge  is  built,  and 
imagine  the  circumference  of  blocks  having  the  same  form,  weight,  and 
dimensions,  made  of  wrought  instead  of  cast-iron,  and'  hammered  into  shape  : 
the  thing  would  have  been  utterly  impossible;,  it  would  be  impossible 
even  now^  notwithstanding  the  aid  of  the  ponderous  steam-hammer.  The 
ease  with  which  a  blacksmith  heats,  and  welds,  and  fashions  into  shape,  the 
half  molten  paste  of  glowing  wrought-iron  on  his  anvil  would  convey  but 
feeble  indications  of  the  -difficulties  which  beset  these  operations  when 
conducted  on  a  large  scale.  It  is  difficult  to  pronounce,  and  it  would  be  in- 
vidious to  make  the  attempt  of  fixing,  the  extreme  limits  or  size  of  which  a 
piece  of  wrought-iron  admits  of  being  forged.  Practical  effect  is  given  to  that 
operation  to  the  extent  of  forging  anchors,  shafts  and  beams  for  the  largest 
marine  engines.  These  are  achievements  snfficientiy  difficult,  and  until  lately 
critics  were  found — ^nay,  indeed,  they  are  to  be  foimd  still — who  confidentiy 
assert  that  much  beyond  these  achievements  of  wroughtiron  manufacture  the 
operation  could  not  go.  Whether  wrought-iron  ordnance  of  large  size  could,  or 
could  not,  be  manufactured,  having  the  strength  necessaiy  to  ordnance  prac- 
tice, was  a  mootpoint.  Some  years  ago  the  Americans  tried  the  experiment 
and  failed ;  as  a  terrible  accident  from  the  bursting  of  a  wrought-iron  piece  of 
ordnance  painfolly  testified ;  since  then  Mr.  Nasmyth  repeated  the  experi- 
ment with  so  bad  a  result  that  it  was  considered  by  himself  to  be  a  failure, 
and  he  expressed  himself  very  hopelessly  respecting  wroughMron  heavy 
ordnance.  Nevertheless,  a  large  piece  has  been  made  by  an  enterprising 
Liverpool  firm,  and  presented  to  the  Government.  It  is  now  whilst  these 
remarks  are  written  under  process  of  trial ;  and  hitherto  it  has  stood  all  the 
tests  deemed  necessary,  with  complete  satisfaction. 

The  result  of  the  manufacture  of  this  interesting  piece  of  ordnance,  and 
the  trials  to  which  it  has  been  subjected,  demonstrate  that  those  who  ex 
eathedra  predicted  so  confidentiy  that  wrought-iron  heavy  ordnance  could  not 
be  made  (due  regard  being  had  to  their  strength),  may  have  reason  to  alter 
their  opinions.  Confessedly,  however,  as  between  the  casting  of  iron  into  a 
specified  shape,  and  the  welding  and  hammering  of  iron  into  a  similar  shape, 
the  difference  is  enormous. 

In  addition  to  the  mechanical  difficulties  attendant  on  the  manipulation 
of  wrought-iron — ^in  addition  to  the  difficulties  of  removing  huge  masses  of  it 
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ficom  the  forge  to  the  anvil — the  difficulty,  moreover,  of  welding  two  or  more 
luge  pieces  together  in  such  a  manner  as  to  give  solidity  to  the  welded  joint — 
a  chemical  or  molecnlar  tendency  of  wrought-iron  when  retained  at  a  glowing 
heat  in  large  masses  for  long  periods  together,  threatened  to  impose  an  in- 
snperahle  barrier  to  the  manipulation  of  wronght-iron  in  pieces  much  larger 
than  anchors  or  marine  steam-engine  axes. 

Oiystallixing  tendency  of  WrongM-Iron  in  large  Masses. — It  was 
found  by  Mr.  Nasmyth  in  turning  out  his  monster  gun,  that  the  iron  had 
ceased  to  be  fibrous,  and  had  assumed  a  crystalline  texture  at  its  centre,  thus 
losing  the  strength  and  tenacity  which  the  fibrous  condition  would  have  given. 
It  had  been  fully  known  that  wrought-iron  under  some  peculiar  circumstances 
is  prone  to  assume  this  condition.  The  axles  of  revolving  carriage-wheels 
have  been  known  to  assume  this  ciystaUine  state  from  vibration,  after  the  lapse 
of  tone,  and  long  usage,  although  they  were  originally  fabricated  of  the  best 
wrought-iron.  Iron  wire  too,  which,  as  all  connected  with  metallurgy  know, 
is  necessarily  made  of  the  purest  iron,  occasionally  assumes  this  crystalline 
state  if  long  exposed  to  the  agency  of  chemical  forces ;  as,  for  instance,  in  a 
laboratory.  Various  hypotlieses  have  been  propounded  to  afford  a  rational 
explanation  of  this  molecular  change,  from  fibrous  to  crystalline  condition. 
As  regards  the  case  of  railway  axles,  the  supposition  appears  rational,  that 
constant  percussion  has  given  rise  to  the  crystallized  state ;  but  the  change 
experienced  by  iron  wire  is  not  so  plausibly  explicable.  The  crystallization 
of  large  masses  of  wrought-iron  under  the  heating  and  cooling  process,  in> 
Tolved  in  the  operation  of  welding,  seems  to  admit  of  easier  explanation. 
The  result  appears  to  be  only  a  special  illustration  of  a  general  resultant  of 
the  undisturbed  play  of  cohesive  affinity,  tending  as  it  does,  if  sufficient  time 
and  freedom  of  molecular  motion  be  given,  to  assume  the  most  perfect  cohe- 
sive state  of  which  matter  is  capable— that  is  to  say,  the  state  of  crystals. 
Had  the  result  of  crystallization  been  inseparable  from  the  practice  of 
welding  large  bars  of  iron,  there  would  have  been  an  end  to  wrought-iron 
ordnance  of  large  calibre ;  there  would  have  been  an  end  also  to  the  pro- 
duction of  any  pieces  of  wrought-iron  considerably  larger  in  dimensions  than 
the  forms  hitherto  produced.  We  shall  look  forward,  therefore,  with  some 
interest  to  the  monograph  on  the  woridng  of  wrought-iron  in  liurge  masses, 
promised  us  by  Mr.  Clay. 

Impressed  with  specialities  as  the  metals  are,  each  one  conducing  to 
certain  purposes  better  than  any  other — ^nevertheless,  with  the  exception  of 
iron,  these  cftpabilities  are  numerous,  and  one  generally  admits  of  being  sub- 
stitnted  for  another.  But  no  civilized  race  could  exist  as  such  without  the 
co-operation  of  the  metal  iron.  For  the  greater  number  of  purposes  to  which 
it  is  applied,  there  is  no  efficient  substitute.  True,  the  ancients  did  manage 
at  one  time  to  manufacture  cutting  instruments  out  of  bronze ;  true,  ^at 
Sir  Francis  Ghantrey  in  our  own  times,  in  his  reverence  for  classic  metallurgy, 
caused  a  bronze  razor  to  be  made,  wherewith  he  shaved ;  ncTertheless,  we 
doubt  whether  any  one  less  ardent  in  the  love  of  ancient  metallurgy  than 
himself  would  have  borne  contentedly  the  daily  infliction. 
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Utevatnxo  of  KotaUiursy. — Metallurgic  history  admits  of  division  into 
three  periods.  The  first  comprehends  the  time  which  elapsed  from  the 
earliest  historical  epoch  to  the  days  of  Pliny,  or  the  first  century  of  the 
Christian  era.  The  metallurgic  records  of  the  period  are  contained  in  Holy 
Writ,  also  in  the  writings  of  Strabo,  Dioscorides,  Pliny,  and  others,  compre- 
hending proofis  of  the  knowledge  of  gold,  silyer,  mercury,  copper,  tin,  lead, 
and  iron.  The  second  period  includes  the  time  which  elapsed  between  Pliny 
and  Agricola,  or  from  the  first  century  of  the  Christian  era  to  a.d.  1550.  At 
the  commencement  of  this  epoch  mines  were  worked  in  Asia  Minor,  Spain,  &c. ; 
in  tlie  seventh  century  was  commenced  the  working  of  mines  in  Bohemia 
and  Saxony ;  in  the  ninth  century,  mines  in  Bammelberg  were  commenced; 
the  knowledge  of  arsenic  was  first  acquired  in  the  fifteenth  century;  in  the 
fifteenth  century  also  of  bismuth ;  and  in  1540  there  appeared  at  Venice  the 
first  modem  systematic  work  on  mining,  smelting,  and  metallurgy.  The  third 
mineralogical  period  extends  from  the  time  of  Agricola,  who  may  be  justly  con- 
sidered as  the  father  of  metallurgy,  to  our  own  days.  In  his  collated  metallur- 
gic work,  published  in  1 548,  under  the  title  ''De  re  MetaUioa"  are  to  be  found 
the  first  preciseinstructions  concerning  the  arts  of  mining  and  smelting.  Imme- 
diately subsequent  to  the  appearance  of  Agricola's  treatise, "  Dere  MetaUica,*' 
numerous  others,  of  unequel  pretensions,  began  to  appear ;  but  their  chemical 
hypotheses  were  tinctured  with  the  errors  of  the  phlogistic  theory ;  and  not 
until  the  final  overthrow  of  that  theory  by  Lavoisier  was  it,  that  both  these 
arts  assumed  the  utility  which  we  find  at  the  present  time.  In  the  years 
extending  from  1801  to  1810,  both  inclusive,  Lampadius  of  Freiberg  published 
a  valuable  collection  of  foots  relative  to  metallio  operations :  giving  form  and 
substance  to  a  large  mass  of  disconnected  facts  relative  to  these  matters,  and 
known  to  various  persons  in  his  time.  The  second  series  of  the  metallnrgio 
fruits  of  Lampadius  appeared  between  the  years  1817  and  1827;  thus  preparing 
the  way  for  the  new  system  of  metallurgy  by  Earsten,  which  appeared  in  the 
years  1831  and  1832.  In  1841  appeared  a  small  but  comprehensive  volume 
by  Wehrle, — soon  followed  by  Sheerer's  valuable  treatise  entitled  Lehrbuch 
der  MetaUurgie,  to  which  the  merit  is  attributable  of  having  aggregated  the 
numerous  branches  of  knowledge  which  constitute  metallurgy  into  the  shape 
in  which  we  at  present  find  them.  In  our  own  day,  the  German  metaUurgist 
Bruno  Kerl  has  contributed  an  admirable  manual  in  his  MetaUurgisehen  Hutten- 
hunde.  But  perhaps  thelargest  amount  of  lighthas  been  thrown  on  British  me- 
tallurgy by  the  admirable  lectures  and  experiments  of  Dr.  Percy,  at  the  Museum 
of  Geology.  It  is  impossible  to  praise  those  labours  more  highly  than  they 
deserve,  or  to  over-estimate  their  influence  on  the  future  of  metallurgy. 

The  art  of  metallurgy,  particularly  considered,  has  reference  not  alone  to 
the  chemical  constitution  of  metallic  ores  and  the  method  of  extracting  and 
preparing  them,  but  it  also  takes  cognizance  of  all  that  relates  to  the  con- 
struction of  furnaces,  the  utilization  of  collateral  processes,  the  strength  of 
materals  employed  in  furnaces,  and  the  necessary  machines.  It  also  iuvolves 
a  knowledge  of  the  chemical  principles  concerned,  so  that  the  metallurgist 
may  not  only  be  able  to  apply  on  the  large  scale  the  most  promising  indica- 
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tions  of  seience,  but  also  to  test  the  value  of  large  processes  by  the  more 
delicate  systems  of  the  laboratory. 

ClAMrifioation  of  Metals. — ^Before  indicating  the  chemical  principles 
upon  which  each  special  process  of  metallurgy  is  based,  it  will  be  desirable 
to  ammge  the  metals  in  classes,  according  to  the  several  characteristics 
which  they  present.  Great  specific  gravity  is  so  prominent  a  characteristic 
of  metallic  bodies,  viewed  in  the  aggregate,  that  anterior  to  the  discovery  of 
potassium,  sodium,  and  the  other  alkaline  and  terrigenous  metals,  the  qutdity 
was  thought  to  be  inseparable  from  the  metallic  condition.  So  far,  however, 
is  this  from  the  truth,  that  lithium — ^the  metal  of  the  alkali  or  alkaline  earth 
lithia !  it  may  be  said  to  be  intermediate  between  the  two — is  the  lightest 
known  solid,  metallic  or  non-metallic,  in  all  nature.  Based  on  a  consideration 
of  the  quality  of  specific  gravity,  then,  we  arrive  at  a  division  of  metallic 
bodies  into  ihe  light  and  the  heavy.  In  a  purely  chemical  sense,  such  a 
division  has  no  value ;  but  it  is  otherwise  to  the  metallurgist.  Inasmuch  as 
the  metals  of  the  alkalies  and  alkaline  earths — that  is  to  say,  the  light  metals 
— are  only  produced  by  complex  and  refined  chemical  processes,  they  may  be 
considered  as  lying  without  the  domains  of  metallurgy.  It  is  only  with  the 
lemaixiing  class  (the  heavy  metals),  therefore,  that  the  metallurgist  has  to 
concern  himself,  and  to  which  the  reader's  attention  throughout  this  intro- 
duction and  the  succeeding  monographs  will  be  exclusively  directed.  Con- 
templating the  heavy  metallic  bodies,  in  a  practical  or  metallurgic  sense, 
with  reference  to  their  subdivision,  their  various  demeanour  ^vlth  regard  to 
oxygen,  and  their  general  relations  to  that  extensively  difiused  non- metallic 
el^ent,  we  have  a  natural  as  well  as  a  ready  means  of  classification.  It  has 
been  calculated  that  almost  two-thirds  by  weight  of  our  globe's  constituents — 
Bofid,  Hqnid,  and  gaseous;  its  vegetables  and  its  animals  and  minerals — 
consist  of  oxygen.  The  chemist  need  not  to  bo  reminded  of  the  powerful 
tendency  to  combustion  which  oxygen  manifests,  especially  with  metals. 
Unquestionably  the  most  considerable  and  the  most  important  metallic  ores 
are  oxides,  or  combinations  with  oxygen.  It  is  natural,  therefore,  that  the 
metallurgist  should  seek,  in  an  examination  of  the  relations  of  metals  to 
oxygen,  the  basis  of  their  practical  subdivision.  Five  well-marked  sub- 
divisions, founded  on  these  peculiarities,  admit  of  being  established.  They 
are  as  follow :— 

1.  Metals  having  a  strong  tendency  to  combine  with  oxygen,  and  to  gene- 
rate bases.    These  metals  admit  of  arrangement  in  three*  sections. 

§  (a).  Metals  whose  oxygen-compounds  are  basic,  or  have  the  property  of 
bases.    They  are  zinc,  cadmium,  lead,  and  uranium. 

§  (6).  This  section  has  only  one  representative,  i.e.  arsenic,  or  arsenicum; 
a  metal  the  peculiarity  of  which  is,  that  its  combinations  with  oxygen  are 
acid,  not  basic. 

§  ((?).  Metals  which  form  both  adds  and  bases  by  combination  with  oxygen. 
They  comprehend  copper,  nickel,  cobalt,  bismuth,  tin,  copper,  manganese, 
iron,  antimony. 

2.  Metals  the  tendency  of  which  to  combine  with  oxygen  is  but  slight : 
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comprehending  gold,  silver,  platinum,  and  mercury.    The  three  former  are 
sometimes  called  "  noble  metals." 

The  relative  fusibility  of  metals  also  affords  a  good  means  of  practical  clas- 
sification. Having  reference  to  this  difference,  five  well-marked  subdivisions 
admit  of  being  established. 

1.  Fusible,  and  remaining  liquid  at  the  lowest  heat  of  temperate  climes. 
There  is  only  one  metal  which  answers  to  these  conditions :  it  is  mercury. 

2.  Fusible  between  302"  and  788°  F.,  and  passing  off  into  vapour  when  the 
heat  is  still  further  raised.  The  metals  represented  by  this  subdivision  are 
zinc,  cadmium,  lead,  bismuth,  antimony,  and  arsenic  or  arsenicum. 

8.  Fusible  at  temperatures  above  1830'  F. :  copper,  silver,  gold. 

4.  Not  completely  fusible  by  the  strongest  furnace-heat :  manganese,  iron, 
nickel,  cobalt,  platinum. 

5.  Fusible  in  the  hydro- oxygen  jet :  chromium. 

Alloys. — Having  taken  a  cursory  survey  of  the  classes  and  subdivisicms 
of  which  metals,  practically  considered,  are  susceptible,  we  shall  now  proceed 
to  describe  the  principal  compound  forms  of  which  metals  are  susceptible. 
The  first  of  these  which  presents  itself  is  the  class  of  alloys. 

The  term  alloy  in  its  most  general  acceptation  means  the  mutual  combi- 
nation of  two  or  more  metals.  "When  one  of  the  metals,  however,  enter- 
ing into  combination  is  mercury,  the  result  ia  not  usually  termed  an  alloy, 
but  an  amalgam.  Alloys  are  practically  interesting  to  the  metallurgist  in 
two  ways :  either  the  metals  to  which  a  metallurgic  process  of  extraction  is 
applied  are  found  in  the  condition  of  native  alloy — i.e,  one  naturally  ex- 
isting— or  an  alloy  results  as  the  consequence  of  an  intermediate  metallurgic 
process.  The  native  state  of  gold  with  silver,  and  of  platinum  with  rho- 
dium, iridium,  palladium,  and  its  other  associated  metals,  present  fami- 
liax  instances  of  native  alloys.  The  intermediate  combination  of  load 
and  silver  resulting  from  the  metallurgic  process  of  reducing  galena,  fur- 
nishes a  good  instance  of  the  second.  At  the  present  time  the  belief  pre- 
vails— we  may  even  say  it  is  universal — that  alloys  are  not  always  mere 
mechanical  mixtures  of  different  metals,  but  are  constituted  in  accordance 
with  the  laws  of  definite  chemical  combination ;  being  no  less  atomic  (to 
adopt  the  language  of  the  atomic  theory)  than  oxides  and  salts  are  atomic. 
It  would  lead  us  too  &r  from  the  subject  of  metallurgy  to  adduce  the  various 
arguments  which  exist  in  favour  of  the  belief;  and  indeed  a  superficial 
glance  at  the  bearing  of  the  hypothesis  would  perhaps  induce  the  practical 
metallurgist  to  pass  it  by  as  devoid  of  utilitarian  interest.  Few  subjects, 
however,  are  more  intimately  related  to  the  utilisation  of  metals  than  tliose 
involved  in  the  seemingly  abstract  question  of  chemical  composition,  or  of 
mere  admixture,  in  relation  to  alloys.  An  illustration  very  much  to  the 
point  is  afforded  by  the  manu&cture  of  the  alloy  called  "  silver-steel." 

In  the  course  of  some  experiments  performed  by  Professor  Faraday  and 
Mr.  Stodart,  they  discovered  that  silver  when  fused  with  steel  in  certain 
given  proportions  entered  into  mutual  combination,  and  formed  a  valuable 
alloy.    If,  however,  the  quantity  of  silver  was  increased  above  a  certain  pro- 
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portion  not  yet  quite  ascertained,  the  excess  of  silver  was  extruded  from  the 
metallic  mass  during  the  process  of  cooling.  This  result  at  once  affords  tes- 
timony as  to  the  chemical  constitution  of  the  alloy,  and  points  to  the  prac- 
tical advantages  likely  to  be  derived  from  a  solution  of  the  question — **  What 
are  the  exact,  or  atomic,  proportions  in  which  steel  and  silver  can  combine  ?'* 
Granting,  for  the  sake  of  argument,  that  the  silver-steel  be  so  far  superior 
to  ordinary  steel  as  to  warrant  its  manufacture,  the  conclusion  follows  that 
it  is  a  point  of  the  utmost  importance  to  determine  the  exact  maximum 
amount  of  silver  which  steel  can  take  up.  Not  merely  would  the  addition 
of  every  grain  of  silver  beyond  the  indicated  proportion  be  an  unnecessary 
expense,  but  such  of  the  uncombined  silver  as  might  be  locked  up  mecha- 
nically in  the  alloy  during  the  cooling  process  would  lessen  its  strength,  and, 
indeed,  impart  a  general  deterioration  of  quality. 

As  a  general  rule,  it  may  be  stated  that  all  metals  which  form  alkalies  have 
a  particular  tendency  to  unite  with  those  which  form  acids.  When  two 
metals  are  alike  in  their  affinities  for  oxygen,  they  do  not  readily  combine,  and 
may  often  be  separated  by  ciystallization  only,  when  both  metals  absorb  nearly 
the  same  quantity  of  oxygen  ia  forming  their  oxides.  Nearly  all  chemical 
combinations  liberate  heat.  Zinc  and  copper,  when  melted  together,  produce 
a  high  temperature.  Where  a  mere  mechanical  mixture  of  metals  occurs  in 
an  alloy,  it  is  characterized  by  distinct  crystals  being  formed  with  one 
metal,  between  which  the  other  is  visible.  When  an  alloy  is  formed  with 
proper  equivalents,  no  such  disconnected  crystals  are  observed.  In  cooling 
a  melted  alloy,  that  composition  which  is  most  refractory  crystallizes  first,  and 
that  which  is  most  easilj  reduced  to  fluidity  is  compelled  to  occupy  the  spaces 
between  the  ciystals.  Thus  copper  and  tin  are  fusible;  but  in  cooling, 
copper-tin  cxystallizes  first,  and  tin-copper  last.  Iron  and  arsenic  are  very 
fusible ;  but  in  cooHng,  iron- arsenic  cxystallizes  first ;  in  consequence,  the 
surface,  when  cool,  exhibits  a  perfect  net-work  of  bright  lines  in  regular 
forms.  In  all  of  these  compounds,  however,  portions  of  each  alloy  are  contained. 
When  a  bar  of  cold  lead  is  dipped  in  mercury,  the  pores  of  the  lead  become 
filled  with  mercury,  but  the  mercury  also  absorbs  lead.  When  iron  is 
strongly  heated  while  imbedded  in  carbon,  as  is  the  case  when  blistered  steel 
is  produced,  the  carbon  penetrates  to  the  very  centre  of  the  iron  rods;  but 
no  iron  is  imparted  to  the  carbon,  because  its  atoms  are  not  moveable. 

Alloys  are  more  fusible  than  the  individual  metals,  and  will  melt  at  a 
lower  temperature  than  the  mean  would  indicate.  Though  tin  melts  at  500^ 
and  pure  copper  at  2,500°,  equal  parts  of  copper  and  tin  do  not  melt  at  the 
miean  1,500°,  but  at  a  lower  heat.  Pure  iron  is  exti-emely  refractory ;  but 
when  combined  with  arsenic  and  phosphorus,  it  may  be  melted  in  a  cast-iron 
pot  without  adhering  to  it.  Again,  a  composition  of  tliree  metals  is  slill  more 
fusible  than  their  various  degrees  of  melting  would  indicate ;  and  if  their 
component  parts  are  according  to  the  laws  of  chemical  affinity,  the  meltii]^ 
poiat  is  lower  stiU.  Need  we  repeat,  after  this,  how  important  is  the  study  of 
forming  alloys  in  the  smelting-fumaces  ?  It  is  the  degree  of  fusibility  of  the 
slags  and  metals,  which  determines  the  cost  of  the  process. 
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Iron  is  rendered  fusible  by  the  presence  of  carbon ;  but  when  that  sub- 
stance is  removed  it  becomes  refractoiy,  and  can  hardly  be  melted.  Tin  is 
refined  by  oxidizing  or  evaporating  sulphur,  arsenic,  and  other  matters ;  a  pro- 
cess which  renders  tin  less  fusible  and  more  tenacious.  Zinc  melted  in  an 
iron  pot,  and  exposed  to  die  air,  exhibits  dross  on  the  surface;  its  fluidity  is 
diminished,  but  its  malleability  is  increased.  A  layer  of  carbon,  or  common 
salt  above  ashes,  prevents  these  phenomena. 

Alloys  are  generally  harder  than  might  be  expected  from  their  consti- 
tuents ;  although  there  are  exceptions  to  the  rale.  Silver  and  arsenic,  render 
iron  hard,  although  both  metals  are  soft  in  themselves;  copper  and  tin,  both 
soft  metals,  become  hard  when  melted  togetlier  in  certain  proportions ;  and 
zinc  and  copper  make  brass  soft.  Antimony  causes  aU  metals  to  become 
hard,  but  very  brittle.    Iron  mixed  with  a  little  antimony  will  cut  glass. 

The  ductility  of  alloys  is  sometimes  greater  than  might  be  expected ;  in 
others,  it  is  more  brittle  than  the  original  metals.  Alloys  of  zinc  and  lead, 
are  very  tenacious ;  lead  and  antimony,  very  brittle.  Any  alloy  which  is 
slowly  heated  and  gradually  cooled — annealed,  that  is — ^is  softer  than  when 
the  compound  is  suddenly  chilled ;  hence  the  hardness  of  chill-cast  iron. 

The  above-mentioned  examples  are  types  of  many  others,  demonstrating 
that  though  metallic  alloys  occupy  a  less  prominent  position  than  metallic 
oxides,  sulphurets,  chlorides,  &c.,  nevertheless,  the  conditions  wliich  regulate 
their  existence  must  not  be  neglected  by  the  metallurgist. 

The  separation  of  the  constituents  of  metallic  alloys  is  accomplished 
by  several  methods.  Of  these  the  one  most  obviously  suggested  by  theory 
consists  in  a  gradual  application  of  heat  up  to  the  point  of  melting  the  more 
fusible  metal,  and  leaving  the  other  unfused.  In  this  way  lead  is  sepa- 
rated from  an  alloy  of  that  metal  witli  copper.  Scarcely  less  obviously  sug- 
gested by  theory  is  the  application  of  heat  to  effect  the  volatilization  of  one 
of  the  metals  entering  into  an  alloy.  In  this  way  is  mercury  separated  in 
practice  from  alloys  (amalgams)  of  mercury  wjth  gold,  and  mercury  with 
silver.    In  this  way  also  is  silver  obtained  from  argentiferous  zinc. 

The  metallic  constituents  of  some  alloys  admit  of  separation  by  sub- 
jecting them  to  fusion  and  gradual  cooling.  During  the  cooling  process  the 
metals  of  an  alloy  will  in  some  cases  separate  in  layers  according  to  their 
specific  gravity.  In  other  cases  the  separation  ensues  from  one  of  the  con- 
stituents shooting  into  crystals  and  becoming  solid,  thus  furnishing  a  means  of 
its  removal.  The  celebrated  process  of  effecting  the  separation  of  silver  from 
lead,  known  as  Pattinson's  crystallization  process,  is  of  this  kind ;  but  the 
most  extraordinary  circumstance  in  relation  to  it  is,  that  the  lead  or  the 
metal  of  lesser  fusibility  is  that  which  first  crystallizes  out.  The  rationale  of 
this  curious  phenomenon  has  never  been  explained.  Occasionally  sepa- 
ration of  two  or  more  metals  constituting  an  alloy  is  effected  by  means  of 
acid-solution.  The  process  of  quartation  by  which  silver  is  dissolved  out 
from  an  alloy  of  that  metal  and  gold,  will  serve  as  a  familiar  illustration. 

SKetallie  Oxides.— We  have  already  said  that  these  ore  the  most  nume- 
rous and  the  most  important  of  metallic  ores.  The  smelting  of  them  depends 
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<m  an  application  of  the  best  practical  means  of  removing  oxygen.  The 
zelations  of  metals  to  oxygen,  and  the  relative  fiEicility  wherewith  they  evolve 
oxygen  wholly  or  partially,  have  aU  been  accurately  determined  by  the  che- 
mist On  the  huge  scale,  the  exact  agents  employed  in  the  laboratory  for 
effecting  deoxidation  cannot  always  be  applied ;  nevertheless,  chemical  prin- 
ciples have  to  be  followed  as  closely  as  circnmstances  will  permit :  therefore 
it  will  now  be  proper  to  explain  the  relations  of  different  metals  to  oxygen  in 
respect  of  the  comparative  diffictdty  of  removing  that  element  from  them. 

The  rednetion  of  metaUic  oxides  may  be  effected  by  the  dry  and  the  moist 
processes.  It  is  the  former,  however,  which  immediately  concerns  the  metal- 
lurgist, and  to  which  we  purpose  to  direct  the  attention  of  the  reader.  The 
noble  metals  gold,  silver,  and  platinum  are  characterised,  as  is  well  known, 
by  the  difficulty  wherewith  their  respective  combination  with  oxygen  admits 
of  being  effected.  Conversely,  the  respective  oxides  of  these  metals  are  cha- 
racterised by  &ciHty  of  decomposition.  The  application  of  heat  alone,  with- 
out the  contact  of  any  extraneous  body,  suffices  to  liberate  oxygen  from  the 
oxide  of  the  noble  metals,  and  of  course  to  evolve  the  metal. 

AU  other  metallic  oxides  require  the  agency  of  a  second  body  to  effect 
fheir  reduction,  mere  application  of  heat  being  insufficient ;  and  a  consi- 
deration of  the  deoxidizing  materials  at  the  disposal  of  the  metalliurgist,  and 
employed  by  him,  opens  a  field  of  great  utility  and  interest.  The  deoxidizing 
agent  of  greatest  importance  to  the  metallurgist  is  coal  in  its  several  varieties, 
and  the  derivative  materials  yielded  by  its  combustion.  When  coal  is  burned 
in  a  furnace,  tiie  first  product  of  combustion  may  be  considered  to  be  carbonic 
add  gas ;  but  inasmuch  as  the  latter  is  readily  decomposed  by  permeating 
ignited  pieces  of  solid  carbon  (coke),  losing  a  portion  of  its  oxygen,  and 
becoming  carbonic  oxide  gas, — ^we  may  say  that  the  products  of  the  com- 
bostion  of  coal  are  firstly  carbonic  add ; — secondly,  carbonic  oxide  and  car- 
bonic add;  and  lastiy,  carbonic  oxide  cdone.  The  latter  in  combination 
with  heat  is  a  most  powerful  deoxidizing  agent.  Were  it  not  for  the  pro- 
duction in  furnaces  of  carbonic  oxide  gas — ^were  it  necessary  that  the  solid 
carbon  of  the  coke  should  be  alone  the  deoxidizing  body,  then  it  follows  that 
every  particle  of  the  ore  to  be  reduced  must  be  brought  into  intimate  con- 
tact with  the  reducing  body ;  a  process  involving  more  care  and  trouble  than 
axe  compatible  with  large  metallurgic  operations.  The  reducing  agent  being 
a  gas,  there  is  no  longer  a  necesdty  for  that  intimate  mixture  of  fuel  and 
Ofe  which  would  otherwise  be  necessary.  Provided  that  the  gaseous  results 
of  oombnBtion  are  placed  under  circumstances  of  readily  permeating  the  ore, 
the  necessities  of  practice  are  amply  subserved.  In  many  cases  of  reduction 
of  the  oxides  of  lead,  silver,  tin,  and  copper,  the  fuel  is  actually  contained  in 
a  finrnace  by  itself,  the  ore  to  be  reduced  being  in  another.  There  is  great 
difference  as  to  the  amount  of  heat  at  which  the  reduction  of  different  me- 
tallic oxides  can  be  effected.  The  oxides  of  lead,  bismuth,  antimony,  nickel, 
cobalt,  copper,  and  iron,  require  a  strong  red  heat ;  whilst  the  oxides  of 
manganese,  chromium,  tin,  and  zinc,  do  not  lose  their  oxygen  until  heated  to 
whiteness. 
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Combinations  of  the  metallic  ores  with  oxygen  take  place  in  certain  defi- 
nite proportions,  and,  so  &r  as  relates  to  most  metals,  in  definite  quantities. 
There  are  three  oxides  of  iron  which  interest  ns  here,  namely — ^the  protoxide 
of  iron,  which  is  a  strong  base ;  the  magnetic  oxide,  a  feeble  base ;  and  the 
peroxide,  which  is  more  of  an  acid  than  a  base.  Peroxide  and  protoxide 
of  iron,  both  infusible  by  themselves,  form  a  fusible  slag.  Arsenic  forms,  in 
all  stages  of  oxidation,  an  acid  which  never  melts  with  any  other  acid,  or  with 
'highly  oxidized  metals ;  it  being  a  requisite  condition  of  fusibility,  that  one 
of  the  constituents  in  which  the  other  is  merely  suspended  must  be  fusible. 
This  chemical  relation  admits  of  a  wide  range,  nor  is  the  same  substance  in 
all  its  relations  of  the  same  character. 

The  oxides  of  iron  are  always  basic  as  to  sDic  add,  but  they  are  add  in 
relation  to  oxide  of  lead.  The  study  of  the  metallurgist  must  be  directed  to 
tjiese  chemical  relations,  as  well  as  to  the  degree  of  fuaibilKy  of  the  com- 
pounds and  the  relation  they  bear  to  the  metal  to  be  produced  under  their 
influence. 

As  a  rule,  it  may  be  stated  that  the  compounds  of  single  equivalents  of 
metal  and  oxygen  constitute  a  base  or  alkali,  and  that  the  addition  of  more 
oxygen  destroys  that  property.  Thus  the  protoxide  of  manganese  is  a  strong 
base,  and  predpitates  the  protoxide  of  iron  from  a  slag ;  but  the  peroxide  of 
manganese  is  driven  out  by  the  protoxide  of  iron.  When  carbon  is  present, 
one  atom  of  oxygen  is  absorbed  by  it  from  the  peroxide  of  manganese,  and 
the  iron  is  again  driven  from  its  union.  This  afi&nity  of  oxygen  for  metal  is 
most  difficult  to  be  overcome  at  a  state  of  oxidation  half-way  between  the 
extremes.  Protoxide  of  tin  is  easily  converted  into  metal,  so  is  peroxide ; 
but  the  sesquioxide,  intermediate  between  the  two,  presents  much  greater 
difficulties.  Practically  it  is  usual  to  smelt  with  the  highest  oxides,  and  con- 
vert the  ores  into  thai  state,  in  order,  not  only  to  remove  the  oxygen  from 
the  metal,  but  also  to  produce  so  high  a  heat  as  to  fuse  the  metal  at  the  pre- 
cise moment  when  the  oxygen  is  removed. 

Hydrogen  and  carburetted  hydrogen  gases  must  not  be  omitted  in  our  enu- 
meration of  the  deoxidizing  agents  employed  by  the  metallurgist.  The  latter 
agent,  carburetted  hydrogen,  is  evolved  during  the  combustion  of  coal ;  the 
former,  when  employed,  as  it  is,  though  sparingly,  as  a  metallurgic  agent,  is 
developed  by  transmitting  aqueous  vapour  over  red-hot  coke.  When  this  gas 
is  produced  by  dissolving  iron  or  zinc  in  a  diluted  add,  it  is  always  moist,  and 
invaluable  for  the  performance  of  any  delicate  experiment;  for  tke  reduction 
of  metallic  oxides  it  should  be  dry,  and  free  from  any  foreign  substance. 
Carburetted  hydrogen  or  coal-gas  is  used  to  reduce  oxides  under  a  low  heat, 
the  carbon  which  is  precipitated  in  the  formation  of  the  metal  being  removed 
by  smelting.  Hydrogen  or  carburetted  hydrogen  is  applied  in  the  assaying 
process,  by  leading  it  into  a  glass  tube  which  contains  the  ore  specimen  in  a 
prx^r  form  already  heated.  A  gentie  current  of  gas  is  passed  over  the  ore 
until  no  more  is  burned  by  it,  which  is  manifested  by  the  escape  of  the  gas  in 
a  pure  form. 

Next  to  metallic  oxides,  metallic  sulphides  are  of  the  deepest  importance 
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to  tlie  metallurgist.     Their  reduction  generally  involves  the  operation  of 
roasting,  a  process  to  be  treated  of  hereafter. 

Sulphidfts. — ^AU  metals  combine  more  or  less  with  sulphur,  and  form 
sulphides  when  sulphur  is  brought  into  contact  with  tlie  metal,  in  the  ab- 
sence of  oxygen  or  chlorine.  When  oxides  are  ti*eated  with  sulphur  in 
sufficient  quantities  to  absorb  all  the  oxygen  in  forming  sulphuric  acid,  the 
sulphur  remaining  combines  with  the  metal.  When  sulphates  are  treated  in 
the  presence  of  carbon  or  hydrogen,  the  oxygen  of  the  sulx^huiic  acid  is 
abstracted,  and  sulphides  remain.  The  chemical  relation  of  sulphur  to 
metal  is  similar  to  that  of  oxygen — that  is,  the  number  and  equivalents  of  tlie 
sulphides  correspond  with  tlie  number  and  equivalents  of  tlie  oxides  of  tlie 
respective  metals— causing  them  to  be  more  fluid  and  brittle  when  cold,  and 
impairing  their  ductility  when  hot.  Large  quantities  of  sulphur  cause  a 
low  degree  of  fusibility,  which  is  sho^vn  in  the  sulphurets  of  antimony,  lead, 
copper,  and  iron,  the  fusibility  in  each  decreasing  more  rapidly  tlian  the 
evaporation  of  sulphur.  Iron  pyrites  melts  at  a  low  red  heat;  but  when 
reduced  to  half  its  original  quantity,  by  evaporating  the  sulphur,  it  requires  a 
strong  white  heat  to  melt  the  sulphides.  The  presence  of  free  oxygeii 
is  required  for  the  removal  of  sulphur;  nor  can  it  be  removed  entirely 
when  carbon,  hydrogen,  or  any  other  reducing  agent  is  present,  an 
oxidizing  influence  and  thorough  exposure  of  the  metal  to  oxygen  being 
necessary. 

Nevertheless,  the  partial  decomposition  wliich  certain  metallic  sulphides 
undergo,  when  heated  without  the  access  of  atmospheric  air,  is  to  the  metal- 
lurgist a  consideration  of  importance.  Galena  treated  in  this  way  suflers  par 
tial  decomposition ;  so,  in  like  maimer,  does  the  monosulphuret,  or  monosul- 
phide  of  copper, — a  sufficient  amount  of  sulphur  being  evolved  from  it  to  yield 
disulphide  of  copper  as  tlie  permanent  fixed  result.  The  higher  sulphur  com- 
binations of  iron,  or,  chemically  speaking,  the  sulphur  salts  of  that  metal, 
generated  by  the  combination  of  two  sulphurets  or  sulphides,  also  give  a 
portion  of  their  sulphur  when  exposed  to  high  heat  in  dose  vessels.  Mono- 
sulphide  of  iron,  however,  does  not  yield  up  any  of  its  oxygen  by  the  mere 
process  of  heating  in  dose  vessels.  The  sulphide  of  zinc  (zinc  blende)  is  un- 
chaiM[ed  by  the  highest  temperature ;  so,  in  like  manner,  is  the  sulphide  of 
silver.  The  sulpliides  of  gold  and  of  platinum  are  decomposed  when  heated 
into  sulphur  and  their  respective  metals.  The  sulphide  of  mercury  can  be 
distilled  without  change.  Sulphide  of  antimony  melts  at  a  high  red  heat, 
afterwards  distils  over  unchanged.  The  mono-  and  the  ter-sulpliide  of  arsenic 
(orpiment  and  realgar)  both  fuse,  and  distil  without  undergoing  any  decom- 
position. 

By  fax  the  more  important  and  usual  method,  however,  of  eflecting  the 
reduction  of  metallic  sulphides,  consists  in  exposing  them  to  the  combined 
agency  of  heat  and  atmospheric  air — constituting,  in  point  of  fact,  the  opera- 
tion of  roasting.  Usually,  the  change  which  ensues  during  the  operation  of 
roasting,  is  the  conversion  of  sulphur  of  the  sulphide  into  sulphurous  add  gas, 
which  escapes;  the  original  sulpliide,  dther  losing  a  part  of  its  sulphur,  and 
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being  thus  reduced  to  the  lower  stage  of  sulphtirization,  or  else,  losing  the 
whole  of  its  sulphur,  oxygen  is  absorbed  in  place  of  the  latter.  Occasionally 
the  sulphurous  acid  first  generated  absorbs  the  necessary  amount  of  oxygeu, 
to  change  it  into  sulphuric  add,  which  combining  with  the  metallic  oxide 
simultaneously  generated,  gives  rise  to  the  sulphate  of  an  oxide.  This  latter 
is  the  case  when  galena  (sulphide  of  lead)  is  roasted,  the  final  result  of  the 
operation  being  oxide  of  lead,  and  sulphate  of  oxide  of  lead.  This  change  is 
eminently  favoiurable  to  subsequent  metallurgic  operations  of  which  galena  is 
the  subject.  If  the  galena  be  argentiferous,  the  following  reactions  ensue. 
The  mixture  of  oxide  of  lead  and  sulphate  of  the  same  oxide  being  heated  to 
whiteness  in  contact  with  silver  (of  the  argentiferous  galena),  oxidizes  the 
silver  by  decomposition  of  the  sulphuric  acid,  of  the  sulphate  and  oxide  of 
lead ;  hence  there  results  a  mixture  of  oxide  of  silver  and  of  lead — a  mixture 
easily  dealt  with,  and  deoxidized  by  a  subsequent  operation.  The  sulphide 
and  disulphide  of  copper  are  changed  by  roasting,  into  dioxide  of  copper  and 
sulphurous  acid,  and  sulphate  of  the  oxide  of  copper,  which  latter,  when  the 
temperature  is  raised  to  the  highest  pitch,  evolves  the  whole  of  its  sulphuric 
acid  and  oxygen;  leaving  metallic  copper.  Monosulphide  of  iron  by  roasting 
undergoes  many  progressive  changes;  beginning  with  the  formation  of  pro- 
toxide of  iron  and  sulphurous  acid,  and  ending  in  the  development  of  sesqui- 
oxide  of  iron.  Sulphide  of  zinc  (zinc  blende)  slowly  changes  under  the 
influence  of  roasting,  first  into  oxide  of  zinc,  and  sulphate  of  the  oxide ;  then 
into  subsulphate  of  tiie  oxide ;  and,  lastiy,  into  oxide  exclusively.  Sublimate 
of  bismuth  changes,  under  the  influence  of  roasting,  into  oxysulphuret :  sul- 
phide of  silver  is  decomposed,  and  yields  metallic  silver.  Tersulphide  of  anti- 
mony changes  under  roasting  into  antimonious  and  antimonic  acid.  The 
sulphide  and  the  sesquisulphide  of  arsenic  are  changed  into  arsenious  and 
arsenic  acids. 

By  a  modification  of  the  same  process,  sulphide  of  nickel  admits  of  decom- 
position into  a  mixture  of  oxides  and  sesquioxides  of  that  metal.  Sulphide 
of  cobalt  is  also  decomposed  into  a  mixtiire  of  oxide  of  that  metal  and  sul- 
phate of  tiie  oxide.  Finally,  the  sulphides  of  gold,  platinum,  and  mercury 
ai'e  also  reduced  to  the  metallic  state,  siQphurous  acid  gas  being  evolved. 

Anotiier  element  equal  in  importance  to  oxygen,  requires  the  attention  of 
tiie  metallurgist.  Chlorine  has  a  tendency  to  induce  metals  to  crystallize, 
and  causes  consequentiy  fluidity  and  brittieness.  Chlorine  removes  all  other 
matter  from  metals  when  the  latter  are  in  a  state  of  fusion.  Carbon,  sulphur, 
and  phosphorus  are  drawn  ofl*  by  it,  and,  if  the  heat  is  continued,  the  chlo- 
rine itself  escapes  with  a  portion  of  the  metals,  but  only  when  a  minute  pro- 
portion is  present ;  it  is  thus  a  powerful  element  in  the  purification  of  metals. 
Lead  smelted  from  chlorides  is  purer  than  from  oxides  and  sulphurets,  and  its 
proper  application  to  smelting  and  refining  purposes  has  a  most  beneficLal 
influence.  Zinc  does  not  readily  combine  with  iron  unless  chlorine  be  present ; 
it  removes  oxygen  from  the  protoxides,  thus  purifying  the  surface  and  pre- 
paring it  for  closer  union  with  an  alloy.  All  metals  smelted  under  the  in- 
fluence of  chlorine,  are  inclined  to  oxidize,  unless  it  is  removed  entirely.    It 
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is  haimless  to  the  metals,  powerful  as  a  means  of  fluxing  slags  and  ores,  and 
pTodudng  fluidity;  its  use,  therefore,  ought  to  be  much  more  extended  than 
it  has  been. 

Cftlelaatioiiy  and  RoasUng. — ^These  processes  are  more  frequently  made 
use  of  than  any  other  operation  had  recourse  to  by  the  practical  metallurgist  for 
efilecdng  the  elimination  of  sulphur  and  other  volatile  substances  from  the 
ores  which  are  sulphides  or  sulphurets.  No  agency  is  so  commonly  employed 
as  this,  although  the  mention  of  a  few  others  should  not  be  omitted ;  amongst 
^ese  may  be  enumerated  the  combined  application  of  heat,  and  aqueous 
vapour ;  of  heat,  and  the  decomposing  agent  of  a  metallic  oxide ;  finally,  of 
heat,  and  the  decomposing  agency  of  alkalies,  alkaline  earth,  and  their  com- 
binations. As  a  general  rule,  however,  we  may  regard  all  other  metallurgic 
processes  having  reference  to  the  decomposition  of  sulphurets,  rather  as  preli- 
minary assay  operations,  than  the  final  processes  capable  of  adoption  by  the 
manufacturer. 

The  process  of  calcination  is  generally  adopted  to  remove  volatile  sub- 
stances. Iron  and  zinc  ores  are  heated  to  expel  water  from  them,  and  iron, 
le€id,  and  zinc  are  calcined  to  expel  carbonic  acid.  Water  will  escape  by  the 
application  of  a  gentle  heat ;  but  if  much  clay  be  present  with  the  ore,  it 
adheres  tenaciously  to  the  mineral.  Calcination  is  most  conveniently  per- 
formed in  a  crucible,  because  no  stirring  of  the  mass  is  requh-ed.  The  heat 
of  an  air  fdmace  is  generally  sufficient  for  the  peiformance  of  this  operation. 

The  operation  of  roasting  is  performed  by  various  processes  depending  on 
the  nature  of  the  ore,  the  quantity  of  the  fuel,  and  the  object  in  view.  Boast- 
ing in  heaps  in  the  open  air  is  the  method  most  generally  adopted  with  iron 
ore,  pyrites,  and  ores  which  can  bear  a  strong  fire.  The  operation  consists 
in  spreading  over  a  plane  sur£Bice  of  ground  billets  of  wood,  or  liunps  of 
mineral  coal,  from  six  to  eight  inches  thick,  the  interstices  between  the  coarse 
fuel  being  filled  up  with  chips  of  wood,  charcoal,  coke,  or  coal.  Over  the  fuel 
thus  prepared,  according  to  the  kind  of  ore,  is  spread  a  layer  of  from  twelve 
to  twenty-four  inches  in  thickness.  Coarse  ore,  which  i^dll  bear  a  great  heat, 
may  be  piled  pretty  high ;  but  fine  crushed  ore  fr*om  the  stamps,  and  ores 
which  smelt  easily — such  as  sulphurets  or  arseniurets — should  not  have  too 
much  coal  in  a  body,  nor  the  ore  piled  over  high. 

Alternate  beds  of  fuel  and  ore  are  thus  formed,  and  roasting  heaps  accu 
mulated,  which  are  in  many  cases  extremely  lai-ge,  retaining  the  fire  for  a 
long  time. 
«  Boasting  means  heating  a  substance  to  such  a  point  that  the  mineral  does 
not  melt,  but  at  which  the  volatile  substances  aie  expelled,  and  as  much 
oxygen  combined  with  the  ore  as  it  can  absorb.  In  some  cases,  chloiine, 
carbonic  acid,  or  steam  is  required  along  with  the  air ;  in  other  instances, 
the  object  is  to  oxidize  the  ore  to  a  higher  degi'ee,  to  drive  ofl*  volatile  matter, 
or  to  reduce  the  ore  to  metal,  and  evaporate  it,  as  in  the  case  of  arsenic, 
zinc,  and  antimony. 

The  tendency  of  carbon  to  unite  with  metals  is  slight  and  circumsciibed ; 
only  two  metals,  considered  in  a  metallurgic  sense,  are  8unenable  to  this  Idnd 
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of  combiiiatiou, — copper  and  iron  :  nevertheless,  they  are  the  most  important 
of  all  metals ;  and  witliout  the  carburets  of  iron  (cast-iron  and  steel),  the  mo^t 
useful  purposes  to  wliich  iron  is  now  applied  could  never  have  been  subserved. 
Tlie  union  of  carbon  with  copper  is  only  productive  of  inconvenience,  and  the 
care  of  the  metallurgist  is  devoted  to  eflfect  the  removal  of  the  former ;  but  in 
the  case  of  iron,  though  on  one  hand  the  removal  of  carbon  is  a  metallurgic 
process  higlily  desirable  in  order  that  soft  wrought-ii*on  may  result,  neverthe- 
less, on  the  other  hand,  the  problem  of  causing  the  jiiiion  of  soft  iron  with 
carbon,  is  one  of  importance  equally  great ;  for  on  its  successful  issue  depends 
the  conversion  of  iron  into  steel. 

As  regards  tlie  theory  of  the  metallurgic  processes  had  recourse  to  for  effect- 
ing tlie  removal  of  carbon,  they  are  such  as  naturally  suggest  themselves  from  a 
chemical  consideration  of  tlie  properties  of  that  non-metaJlic  element.  Carbon 
is  the  most  ordinary  material  of  combustion  known  to  man ;  it  is  the  very 
type  of  combustible  bodies.  To  deprive  a  carburet  of  its  carbon,  therefore, 
nothing  seems  more  natural  than  to  bxim  it  away.  Tliis  is  indeed  the  pro- 
cess usually  followed.  It  lies  at  tlie  basis  of  ii-on-refining  and  puddling ;  still 
more  obvious  is  the  application  of  the  combustive  energy  in  the  new  operation 
of  Mr.  Bessemer.  Combustion,  nevertheless,  is  not  the  only  agency  taken 
advantage  of  for  effecting  the  removal  of  carbon  from  iron.  A  very  elegant 
process  for  converting  steel  or  cast-iron  into  soft  or  decarbonized  iron,  consists 
in  exposing  an  article  fabricated  of  either  of  these  materials,  to  heat  in  con- 
tact "wdth  iron  oxide.  The  chemical  agencies  thus  involved  are  sufficiently 
obvious.  The  oxygen  by  its  affinity  for  carbon  at  an  elevated  temperature 
unites  with  it,  forms  carbonic  acid,  and  is  evolved,  leaving  the  iron,  to  the 
extent  of  the  removal  of  carbon  thus  effected,  piu*e.  The  process  in  question 
unfortunately  has  but  an  application  restricted  to  a  limited  number  of  articles 
of  inconsiderable  dimensions.  "^ 

The  union  of  soft  ii'on  vriih.  carbon,  or,  in  otlier  words,  the  fonnation  of 
steel,  is  usually  effected  by  the  process  known  as  cementation.  It  consists  in 
stratifying  bars  of  iron  with  charcoal  in  an  iron  case,  and  subjecting  the 
whole  to  furnace  heat,  until  the  desired  union  of  tlie  carbon  with  the  iron  has 
been  effected.  The  chemistiy  of  this  union  is  very  peculiar ;  furnishing  an 
almost  unique  example  of  combination  ensuing  between  bodies  neither  fluid 
nor  gaseous,  and  contravening  the  long  accepted  chemical  axiom,  corpora  nan 
agunt  nmjiuida.  Perhaps  however,  after  all,  the  exception  is  more  apparent 
tlian  real.  Laurent  was  of  opinion  that  the  caibon  thus  entering  into  com- 
bination with  iron,  and  forming  steel,  became  actually  vaporized  by  tlie  heat 
employed.  Stammer  advances  another  hypothesis :  he  beheves  that  the  play 
of  affinities  resulting  in  the  union  of  carbon  vnih  iron,  is  more  complex  than 
had  up  to  his  experiments  been  imagined.  He  infers  that  a  mixture  of  iron  and 
oxide  of  that  metal,  when  brought  to  an  elevated  temperature,  as  in  ihe  process 
of  cementation,  in  contact  \^^th  carbonic  acid  gas,  robs  the  latter  of  itfi  oxygen, 
thus  liberating  carbon ;  which,  whilst  still  in  this  condition,  unites  with  the 
metal  to  form  a  carburet. 

Though  the  great  magazine  of  phosphorus  in  creation  is  the  bones,  and 
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some  of  the  fluids  of  animals,  nevertheless,  pho^hoiic  acid,  combined  witii 
oxides  of  metals  and  constituting  phosphates  of  these  oxides,  give  rise  to  a 
small  though  important  group.  Perhaps  no  element  wherewith  metals  are 
naturally  found  in  combination  is  more  difficult  to  separate  effectually,  or  exerts 
a  more  deteriorative  influence  when  present,  even  in  minute  quantities,  than 
phosphorus.  The  pi^xsesses  usually  had  recourse  to  by  the  metallurgist  for 
effecting  the  separation  of  phosphorus,  are  based  upon  the  employment  of 
some  body  which  manifests  a  strong  affinity  for  phosphorus  at  elevated  tem- 
peratures. Of  this  kind  is  chalk,  which  is  sometimes  employed  for  the  pur- 
pose of  separating  phosphorus  from  iron. 

OccasionaUy,  thou^  not  very  often,  the  metallurgist  has  to  deal  with  the 
extraction  of  metals  from  their  salts,  both  oxygenous  and  haloid.  This  kind 
of  extraction,  too,  involves  not  merely  the  dry  process,  but  also  the  use  of 
chlorine  and  of  adds.  Platinum  is  a  metal  which  has  to  be  dealt  with  ex- 
clusively by  the  process  of  moist  solution.  Tnmiting  our  observations  for  the 
present  to  the  case  of  dry  operations,  we  find  that  certain  metallic  salts  are 
decomposable  by  heat  alone,  whilst  others  require  the  agency  of  some  collateral 
reducing  body.  Most  of  the  salts  of  the  metals,  gold,  platinum,  and  silver, 
are  characterized  by  their  ^etdhty  of  complete  decomposition,  by  the  mere 
appHcation  of  heat.  Of  this  change,  the  chlorides  of  gold,  of  platinum,  and 
the  sulphate  of  the  oxide  of  silver,  present  familiar  examples.  Many  other 
metallic  salts  when  subjected  to  the  agency  of  heat,  instead  of  being  reduced 
to  the  metallic  form,  yield  their  several  oxides.  The  sulphate  of  iron  and 
the  sulphate  of  copper  are  of  this  class, — ^yielding,  when  sufficiently  heated, 
oxides  of  the  respective  metals. 

To  the  practical  metallurgist,  the  most  interesting  series  of  saline  decom- 
position by  fire,  and  deoxidizing  materials,  are  those  in  which  the  sulphates 
of  different  metals  are  concerned.  Sulphates  differ  merely  from  sulphides 
(viewed  as  to  their  composition)  in  the  mere  circumstance  that  the  former  con- 
tain oxygen,  whilst  the  latter  do  not :  hence,  when  sulphates  are  heated  in 
contact  with  coal,  coke  or  other  deoxidizing  matter,  oxygen  is  frequently 
removed  and  a  sulphide  remains.  The  relative  fsudlity  of  this  kind  of  decom- 
position varies  for  different  sulphates,  but  it  furnishes  a  type  of  most  of  the 
decompositions  which  ensue  when  sulphates  are  exposed  to  the  combined 
agency  of  deoxidizing  materials  and  heat.  Of  all  the  salts  which  come  under 
metallurgic  cognisance,  the*  chlorides  next  to  the  sulphates  are  most  impor- 
tant. The  reduction  of  the  chloride  of  silver  forms  the  basis  of  the  mode  of 
silver  extraction  followed  in  America,  Hungary,  and  various  parts  of  Europe ; 
ttke  reducing  agent  being  iron.  Various  other  methods  of  reducing  chlorides 
to  the  metallic  state  are  followed  in  the  processes  of  metallic  assaying ;  and, 
although  not  much  involved  in  the  practice  of  metallurgy  on  the  large  scale, 
are  still  of  great  importance  to  the  metallurgist.  The  reduction  of  chloride  of 
sflrer  by  heating  with  alkalies, — of  the  chlorides  of  certain  metals  by  the 
contact  of  another  metal ;  and  of  the  chlorides  of  gold  and  platinum  by  sul- 
phurous, oxaHc,  arsenious,  and  formic  acids,  sulphate  of  iron  and  a  few  other 
reagents — are  £Eimiliar  examples. 
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CHAPTER  n, 

SPECIAL  METALLXntOIC  0PEBATI0N8. 

We  now  come  to  the  principles  on  which  metalluTgic  processes  are  based,  and 
the  practical  application  of  these  principles.  Mechanical  and  chemical  sciences 
are  here  involved, — the  former  to  effect  a  due  comminntion  of  the  extracted 
ore  from  foreign  impurities ;  the  latter  to  complete  this  separation  and  evolve 
the  metal  in  a  condition  as  near  that  of  absolute  purity  as  may  be  possible 
or  desirable.  The  mechanical  part  of  metallurgy  can  only  be  discussed 
advantageously  hereafter;  in  this  introduction,  therefore,  we  shall  limit 
ourselves  to  an  exposition  of  the  chemical  principles  of  metallurgio  opera- 
tions. 

Between  abstract  chemistry,  if  the  term  be  allowable,  and  technical 
chemistry,  there  seems  a  wide  difference  at  a  first  glance.  The  only  real  dis- 
tinction between  them,  however,  will  be  found  to  be  one  of  degree.  The 
principles  are  the  same,  and  both  are  amenable  to  the  same  laws:  the 
laboratory  chemist,  however,  having  more  agents  at  his  command — ^being 
little  amenable  to  considerations  of  profit — more  readily  carries  these  indica- 
tions out  to  their  several  finalities. 

The  chemical  part  of  metallurgy  has  for  its  object  the  separation  of  various 
substances,  and  the  isolation  of  a  few,  by  the  operation  of  chemical  affinities ; 
being  amenable  thus  to  ordinary  rules  of  chemical  guidance,  the  first  of 
which  is  based  upon  the  law  that  chemical  action  takes  place  (with  few  ex- 
ceptions, and  those  doubtful)  between  portions  of  matter  the  cohesion  of  which 
is  slight.  Beversing  the  proposition,  we  nmy  also  say  that  chemical  decom- 
position is  effected  by  loosening  the  state  of  cohesive  affinity. 

Of  the  three  forms  in  which  matter  is  found,  namely,  the  solid,  the  fluid, 
and  the  gaseous  state,  respectively,  it  is  evident  that  the  two  latter  are  most 
under  the  control  of  cohesion; — gases,  indeed,  are  often  said  to  be  absolutely 
devoid  of  cohesion  as  between  their  particles ;  a  proposition  which,  though 
chemically  unsound,  may  be  considered  to  be  practically  correct. 

The  metallurgist,  then,  in  effecting  his  numerous  decompositions,  proceeds 
to  diminish  the  cohesive  force  by  which  the  particles  of  his  material  are  held 
together.  He  begins  by  mechanical  processes — ^by  hammering,  grinding, 
stamping,  &c.  When  these  can  go  no  further,  he  has  recourse  to  chemicfd 
means.  The  problem  now  is  to  liquefy,  or  to  gasify — ^usually  the  former, 
though  many  important  mineralogical  operations  involve  the  production  of 
gas,  or  at  least  of  vapour ;  for  gases  and  vapours  may  be  generally  regarded 
as  identical.  Supposing  hquefaction  to  be  the  object  in  view,  the  metallurgist 
has  the  choice,  theoretically,  of  dissolving  his  substance  in  chemical  menstrua 
or  of  fusing  it  by  heat.  The  former  alternative  is  superior  in  the  correctness 
of  its  results,  and  for  that  reason   is  usually  adopted  by  the  laboratory 
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chemist;  but  it  is  so  expensive,  and  slow,  and  inapplicable  where  laige 
masses  are  concerned,  that  it  is  never  adopted  by  the  metallurgist,  otherwise 
than  by  necessity.  With  the  exception  of  platinum  and  its  associates,  all 
worked  exclusively  by  the  process  of  solution  in  chemical  menstrua — by  the 
moist  process,  in  point  of  fiict — gold  occasionaUy,  and  a  few  of  the  common 
metals  under  certain  peculiar  conditions,  the  moist  process  of  efiEecting  solu- 
tion of  cohesiveness  may  be  regarded  as  beyond  the  pale  of  applied  metal- 
lurgy. 

We  have  thus  limited  the  metallurgist  to  the  agency  of  fire ;  and  we  have 
assumed,  as  is  most  usual,  that  the  object  of  fuxnace-heat  shall  be  to  reduce 
the  material  to  the  condition  of  fluidity.  We  might,  therefore,  at  once,  pur- 
saiDg  the  thread  of  demonstration,  enter  upon  the  theory  and  operation  of 
fluxes,  were  it  not  that  a  case  of  efiecting  chemical  decomposition  by  the 
formation  of  gas  or  vapour  sometimes  precedes,  and  therefore  claims  prece- 
dence in  our  remarks.  Many  ores  either  contain  substances  naturally  vola- 
tile, or  which  generate,  under  the  combined  influence  of  heat  and  air,  volatile 
oombinati(ms.  Sulphur  and  arsenic  are  prominent  examples  of  this  kind,  and 
serve  well  to  illustrate  that  application  of  a  diemical  law  which  is  involved  in 
the  metallurgic  process  of  roasting  or  calcination;  respecting  which  suf- 
ficient particulars  in  an  earlier  part  of  this  introduction  have  been  already 
given. 

The  process  of  roasting  is  variously  modified  to  accord  with  the  peculiari- 
ties of  certain  metals,  or  to  gain  the  precise  end  desired.  In  some  cases  it  is 
no  more  than  the  process  known  to  chemists  as  dry  distillation;  in  other 
cases,  its  success  depends  on  the  combined  agency  of  an  atmospheric  current 
as  applied,  for  instance,  to  the  evolution  of  antimony. 

Though  the  metallurgic  operation  of  roasting  involves  a  well  marked  case 
of  gase&ction  applied  to  a  definite  end,  yet  similar  results  are  obtained  imder 
dififerent  forms  of  apparatus.  The  operations  involved  in  the  production  of 
mercury  and  zinc  are  fiuniliar  examples.  Both  these  metals  are  remarkable 
for  their  extreme  volatility,  the  first  especially 
so :  hence  the  process  of  metallurgy  adopted 
in  their  production  is  not  one  of  smelting, 
properly  so  called,  or  of  roasting  as  popularly 
understood,  but  as  one  of  veritable  distillation. 
Mercury  is  frequently  produced  by  simple 
sublimation,  without  tiie  addition  of  flux  or 
coal,  so  also  is  arsenic ;  but  in  most  instances 
carbon,  and  such  substances  as  decompose 
the  ore,  are  added.  In  the  mercury  distil- 
lation-fiumace  here  annexed  (Fig.  1)  the  simi- 
larity to  ordinary  distillation  vessels  and 
receivers  is  sufficiently  obvious ;  not  very  re- 
mote, either,  is  the  similarity  to  the  ordinary  f'w*  l- 
distillation  apparatus  shown  by  the  Belgian  furnace  for  zinc  extraction  (Fig. 
2).    There  is  no  difficulty  in  smelting  zinc  under  cover  of  carbonate  of  soda 
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and  potash  with  carbon,  but  this  is  an  expensive  flnx,  and,  when  not  closely 
watched  when  fluid,  the  loss  may  exceed  the  value  of  the  metal  obtained. 
It  is  for  these  reasons  found  good  economy  to  mix  the  zinc  blende  with  iron ; 
although  the  heat  required  by  this  process  is  much  greater 
than  for  smelting,  it  is  asserted  that  dicrtallation  is  the 
cheaper  process.  The  apparatus  here  figured  is  a  vertical 
sectiou  of  a  furnace  with  its  retorts,  of  which  there  are 
as  many  as  twenty-two.  They  are  placed  about  two 
inches  apart  from  each  other  to  admit  the  passage  of  hot 
gases  from  tlie  furnace.  The  metal  which  condenses  in 
these  gently  sloping-pipes,  requires  to  be  raked  out 
eveiy  two  hours  to  prevent  them  from  being  choked 
up,  and  tiivelve  hours  are  required  to  work  off  a  charge. 
IVrhaps  the  various  parts  of  an  English  zinc 
o\  en  may  not  be  quite  so  suggestive  of  a 
distillatory  process;  nevertheless  they  are 
representatives  of  a  form  of  distillatory  appa- 
ratus perhaps  more  ancient  than  any — ^a 
form  known  to  the  alchemists,  and  described 
by  them  under  the  name  of  dettiUatio  per 
(Jescensum  (Fig.  8).  A  vertical  section  is 
given  of  this  apparatus.  They  are  some- 
times round,  sometunes  square,  having  six  or 
eight  crucibles  inserted  in  one  furnace,  an 
iron 'pipe  inserted  into  the  bottom 
^  of  the  crucible  conducting  the  metal 
into  a  reservoir,  w^hich  is  filled  with 
water. 

The  tlieory  of  tliis  process  is  very 
simple :  the  oxide  of  zinc  mixed  with 
carbon  is  reduced  to  metal  on  being 
ignited;  and  the  metal,  being  vola- 
tile, passes  in  the  foim  of  vapour  to 
the  receiver,  where  it  is  condensed  in 
the  form  of  a  crude  impure  metal, 
which  requires  a  further  process  of 
refining  before  it  is  fit  for  commercial 
purposes. 

Fluxes. — ^Assuming  the  process 
of  roasting  to  have  been  necessary 
and  to  have  been  applied,  and  that  a 
metallic  substance  still  remains  to  be  extracted  from  the  non-volatiLe  resi- 
due, a  process  of  fusion  must  be  had  recourse  to ;  it  is  called  smelting.  A  slight 
chemical  consideration  of  the  materials  wherewith  metals  are  ordinarily 
combined,  will  bring  to  mind  the  fietct  that  some  are  really  or  practically 
infdsible.     But  fusion  the  metallurgist  must  have:  the  theoretical  choice 
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■was  before  him  of  choosing  between  the  moist  or  solyative,  and  the  dry 
or  igneous  process  of  effecting  liquidity.  He  was  driven  by  practical  consider- 
ations to  accept  the  latter;  therefore  fusibility  is  a  condition  so  indispensable 
to  success  in  his  future  operations  that  he  must  have  it.  How,  then,  was  he 
to  solve  the  problem  of  effecting  the  fusibihty  of  things  which  are  by  their  na 
tore  infusible  ?  Chemistry  renders  the  solution  of  this  problem  easy :  there  are 
many  substances  which,  though  in- 
fusible when  heated  by  themselves, 
fuse  readily  enough  when  heated 
in  combination;  hence  arises  the 
theory  of  fluxes  and  fluxing,  these 
terms  being  respectively  applied  to 
substances  which  impart  igneous 
fluidity,  when  heated  with  other  sub- 
stances, and  to  the  manner  of  using 
them.  Silica,  or  silicic  acid,  is  an 
infusible  body  when  heated  alone ; 
nevertheless  it  fuses  when  suffi- 
ciently heated  in  contact  with  pot 
ash,  soda,  or  their  respective  car- 
bonates ;  and  less  readily  when 
heated   in  contact  with    alkaline  v^z-^- 

earths.  Hence  if  the  metallurgic  problem  were  to  present  itself,  of  extract- 
ing a  metal  by  fire  from  a  mixture  of  the  same  with  silica  (chemically  silicic 
acid),  potash,  or  soda,  or  their  respective  carbonates,  would  be  had  recourse 
to  in  preference  to  all  others,  if  considerations  of  profit  and  loss  did  not 
intervene.  The  price  of  the  alkalies  and  carbonates  of  alkalies  does 
not  admit  of  their  common  application  to  the  purposes  of  a  flux  on  the  large 
metallurgic  scale ;  wherefore  the  smelter,  not  being  able  to  use  the  flux  which 
chemistry  proclaims  to  be  the  best,  contents  himself  with  a  substitute  as  near  to 
the  theoretic  quality  as  may  be  practicable.  Thus  where  alkalies,  or  carbonates 
of  alkalies,  would  have  been  employed  to  facihtate  igneous  fusion  in  the  labo- 
ratory, and  on  the  small  scale — probably  hme,  or  carbonate  of  lime,  would  be 
employed  in  the  larger  representation  of  the  process  as  performed  by  the 
metallurgist. 

Not  only  do  the  alkalies  and  their  carbonates  perform  the  functions  of 
fluxes  to  silicic  acid,  but  also  to  several  metallic  oxides ;  amongst  which  those 
of  lead,  copper,  and  iron  may  be  cited  as  familiar  examples.  Every  person 
knows  that  flint-glass,  as  it  is  called,  contains  oxide  of  lead,  that  black  bottle- 
glass  contains  oxide  of  iron— combinations  which  illustrate,  perhaps,  as  well 
as  any  we  could  adduce,  the  quality  of  the  alkalies  which  imparts  to  them  the 
power  of  a  flux.  When  it  is  considered  that  nearly  all  the  colours  which  can 
be  imparted  to  glass,  nay,  which  are  imparted  to  porcelain  and  enamel,  are 
referable  to  combinations  of  metallic  oxides  with  silicic  acid,  a  still  further 
notion  will  be  conveyed  of  the  extensive  range  of  combination  which  may  be 
produced  by  silicic  acid  under  the  influence  of  igneous  fusion. 
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Next,  perhaps,  to  potash  aad  soda,  in  respect  to  its  large  range  of 
agency  as  an  igneous  flux,  comes  borax.  Seldom  is  it  that  the  assayer  in  his 
laboratory  operations  on  mineral  ores  by  fire  dispenses  both  with  alkalies 
and  with  borax;,  but  here  in  this  ease,  again,  considerations  of  expense  re- 
strict the  application  of  this  material  to  the  laboratory,  and  the  smelter  is 
obliged  to  content  himself  with  fluxes  much  lower  in  the  scale  of  chemical 
power  and  efficiency.  Perhaps,  however,  there  may  not  be  so  many  advan- 
tages lost  from  the  non-employment  of  laboratory  fluxes  on  the  large  scale  as 
is  sometimes  imagined.  To  adopt  soda,  or  potash,  or  borax,  though  compatible 
tvith  the  economical  arrangements  of  the  laboratory  chemist,  who  will  not 
hesitate  to  ruin  a  crucible  at  each  operation,  might  sfill  accord  veiy  ill  with  the 
economy  of  furnace-building.  The  alchemists  tried  to  discover  a  fluid  which 
should  have  the  property  of  dissolving  all  things  wherewith  it  might  come 
into  contact :  they  neglected  to  reflect  that  a  necessity  would  arise  for  a  vessel 
to  keep  it  in.  It  might  be  thus  with  metallurgists  on  the  large  scale,  if  labo- 
ratory fluxes  were  cheap  enough,  and  plentiful  enough,  to  be  adopted  on  the 
large  scale. 

Though  the  number  of  fluxes  which  the  metallurgist  has  at  his  command 
for  large  operations  of  smelting  be  inconsiderable  by  comparison  with  those 
employed  in  laboratory  operations,  nevertheless  the  process  of  assaying  is  one 
so  important  to  the  metallurgist  that  every  flux  known  to  the  chemist  deserves 
his  consideration.  Under  the  subject  of  assaying,  therefore,  to  be  adverted 
to  hereafter,  the  chemical  agents  will  be  fully  discussed. 

The  preliminary  operation  of  dressing  having  been  performed  on  a  mine- 
ral, also  the  further  operation  of  roasting  if  necessary,  the  final  operation  of 
smelting  naturally  follows.  After  the  general  statement  we  have  given  of  the 
nature  and  properties  of  fluxes,  it  will  be  seen  that  the  operation  of  extracting 
metal  from  a  metaUic  ore  by  smelting,  consists  in  subjecting  it  to  famace- 
heat  in  admixture  with  some  flux,  the  object  of  the  latter  being  twofold ;  pri- 
marily to  liquefy  and  dissolve  away  refuse  matters,  by  themselves  infusible ; 
and,  secondarily,  in  some  cases  to  aid  the  decomposition,  by  the  result  of 
which  the  metal  is  evolved  from  its  combinations.  It  remains  now  for  the 
completion  of  our  sketch  of  the  appliances  of  metallurgy,  that  vre  indicate  the 
peculiarities  of  the  difierent  furnaces,  and  the  appendages  by  means  of 
which  the  operation  of  smelting  is  eflected. 

Fiuriiaces.-*-The  various  forms  of  furnaces  admit  of  division  into  two  well- 
marked  primary  classes :  one  class  in  which  the  material  to  be  acted  upon  is 
brought  in  direct  contact  mth  fuel ;  the  other  class  in  which  the  acting  fuel 
and  the  material  acted  upon  are  separated  from  each  other. 

Either  of  these  furnaces  may  be  supplied  with  air  from  a  blast  of  some  kind, 
or  they  may  depend  for  their  supply  of  air  on  the  draught  of  a  chimney-shaft : 
accordingly,  in  reference  to  these  peculiarities  we  establish  a  division  of  furnaces 
into  blast-furnaces  and  wind-furnaces.  The  first  class  of  furnaces,  or  those  in 
which  the  material  and  the  fuel  are  placed  in  contact,  difler  in  form  and 
general  intention,  according  to  certain  obvious  peculiarities  of  construction. 
Some  merely  consist  of  a  flat  expansion  or  hearth,  upon  which  tlie  fuel  may 
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either  smoulder  and  develop  a  longcontinued  gentle  heat,  as  in  the  ordinary 
lime-kihi ;  in  the  kihi  or  hearth  upon  which  copper  pyrites  and  copper  matte 
axe  heated  or  roasted,  and  in  many  similar  forms  of  hearth-furnace  employed 
by  metallurgists,  chiefly  to  accomplish  roasting  operations ;  or  the  fael  may  be 
urged  to  almost  the  highest  degree  of  heat  of  which  a  furnace  is  capable,  as 
we  see  exemplified  in  the  smith's  forge.  A  modification  of  this  form  of  furnace 
is  employed  in  Britain  in  tlie  smelting^ of  considerable  portions  of  our  lead 
are.  If,  howerer,  it  be  desired  to  raise  the  intensity  of  furnace  heat  to  the 
highest  point,  the  hearth-constmction  of  furnace  most  give  place  to  others  on 
the  type  of  a  cylindrical  or  conoidal  vessel.  Perhaps  the  highest  degree  of 
famace-heat  known,  is  yielded  by  onr  (Bnoimous  iron  blast-furnaces,  hereafter 
to  be  described  in  the  treatise  on  iron. 

Usually  the  aid  of  an  artificial  blast  is  only  sought  for  the  first  division 
of  fdmaces,  namely,  those  in  which  the  fuel  and  the  material  to  be  acted  upon 
are  employed  together.  This,  however,  is  by  no  means  nniversol.  To 
lamaces  in  which  the  substance  acted  upon  does  not  come  into  contact 
with  the  fuel  used,  the  term  reverberatory  furnace  is  applied.  Amongst  other 
metallnrgic  applications  of  this  third  kind  of  furnace,  those  of  iron  puddling 
and  balling  may  be  especially  mentioned. 

Still  more  important  than  an  acquaintance  with  the  various  terms  conven- 
tionaUy  applied  to  furnaces,  to  the  form  of  their  construction,  or  the  objecte 
they  are  intended  to  subserve,  is  a  full  comprehension  of  the  chemical  principles 
npon  which  their  efficiency  depends ;  and  with  that  we  have  to  deal  here.  A 
furnace  may  be  said  to  be  a  contrivance  for  giving  the  best  practical  efiect  to 
the  laws  of  combustion  as  directed  to  some  practical  end.  It  will  hence  be 
proper  tiiat  we  take  a  casual  glance  at  these  laws,  as  a  branch  of  chemical  phy- 
sics appHed  to  metallurgy.  All  ponderable  bodies  are  conventionally  divided 
into  combustibles  and  supporters  of  combustion ;  thus,  for  example,  coal  is  said 
to  be  combustible,  and  air,  or  rather  the  oxygen  contained  in  the  air,  is  said  to 
be  the  supporter  of  combustion  under  the  usual  circumstances  involved  in  the 
ordinary  combustion  of  coal.  This  division,  though  usual,  is  purely  conven- 
tional ;  the  function  of  combustion  being,  in  point  of  fact,  a  result  of  chemical 
action  betwen  two  agents,  and  appertaining  to  both ;  whence,  in  strict  language, 
coal  or  tiie  materials  of  coal  and  atmospheric  oxygen  gas  are  equally  the  subjecte 
of  combustion,  and  therefore  combustible.  Nevertheless  the  conventional 
distinction  between  combustibles  and  supporters  of  combustion  has  attained  a 
certain  significance,  rendering  it  convenient  of  application  in  a  practical  sense. 
If  we  mentally  review  tiie  substances  of  combustion  they  are  such  as  most 
obviously  present  themselves  to  common  observation.  Before  the  employ- 
ment of  hydrogenous  gas  for  heating  and  illuminative  purposes,  all  popu- 
larly known  combustibles  presented  the  qualities  of  being  visible  and  tangible  ; 
their  eombustive  property  was  known  long  before  the  theory  of  combustion 
had  been  suspected,  and  at  periods  when  the  existence  of  gases  was  looked 
upon  as  matter  to  be  doubted  or  disbelieved ;  no  wonder,  then,  that  the  new 
power  involved  in  the  eombustive  operation  was  so  long  unsuspected,  and, 
when  discovered,  allowed  a  subordinate  place  only.  Though  all  material  bodies 
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be  impressed  with  the  quality  of  ministering  to  the  combustive  function, 
cither  in  the  sense  of  a  combustible  or  a  supporter  of  combustion — ^neyerthe- 
less,  the  bodies  which  are  of  a  nature  enabling  man  to  realise  them  as  com- 
bustibles are  few.  Above  all  things  it  is  necessary  to  the  efficiency  of  a  com- 
bustible, practically  considered,  that  the  result  of  its  combustion  shall  be 
gaseous.  When  pure  charcoal  bums,  no  residue  or  ashes  are  left :  the  sole 
result  of  combustion  is  a  gas,  which,  by  reason  of  its  nature,  passes  away. 
Even  when  ordinary  charcoal  is  used,  the  ashes  are  but  inconsiderable ;  and 
if  ooke  or  coal  be  the  fuel  employed,  the  amount  of  solid  residue  still  bears 
but  inconsiderable  proportion  to  tiie  mass  of  fuel  originally  used.  Guided  by 
the  limitiTig  consideration  of  gaseous  products,  it  is  easily  seen  that  the  only 
class  of  bodies  having  any  claim  to  be  regarded  as  combustible,  in  a  practical 
sense,  are  two — ^the  hydrogenous  and  the  carbonaceous  forms.  AU  the  natu- 
rally occurring  fuels  present  us  with  a  mixture  of  these ;  coal  in  all  its  varieties, 
wood,  and  peat,  so  obviously  bearing  out  the  proposition  that  no  illustration 
is  required.  Beference  to  the  chemical  condition  of  carbon  and  of  hydrogen 
respectively  when  burned  will  bring  to  mind  the  £Eict,  that  in  proportion  as 
hydrogen  predominates,  so  will  the  combustion  be  more  flaming  ,*  and  con- 
versely, in  proportion  as  hydrogen  is  absent,  so  will  the  resulting  combus- 
tion be  of  the  incandescent  or  glowing  kind,  like  that  of  ignited  charcoal.  Of 
late  much  attention  has  been  devoted  to  tlie  problem  of  ascertaining  the  com- 
parative value  of  fuels.  On  this  point  some  remarks  will  be  ofifered  in  the 
sequel ;  but  we  may  here  remark  that  the  deductions  have  not  been  attended 
with  a  correspondiug  amount  of  practical  success,  chiefly  because  of  their 
too  literal  and  exclusive  application. 

The  real  amount  of  heat  capable  of  being  developed  by  the  given  weight  of 
a  combustible  by  refined  chemical  means,  is  so  involved  with  other  condi- 
tions in  practice  as  to  be  of  itself  little  worth.  The  mechanical  aggregation  of 
any  particular  combustible,  is  at  least  an  element  of  consideration  of  equal 
value  to  its  real  chemical  power  of  evolving  heat.  The  truth  of  this  proposi- 
tion is  amply  borne  out  by  the  familiar  operations  of  coking  and  charcoal 
making.  Weight  for  weight,  coal  has  more  combustible  heat- generating  mat- 
ter, tlian  coke  and  wood,  or  than  the  charcoal  made  from  wood.  Neverthe- 
less, the  mechanical  or  physical  conditions  of  coal  and  wood  are  such,  that  they 
are  totally  unadapted  to  many  of  those  heat^generating  operations  which 
coke  and  charcoal  efficiently  subserve.  The  fixedness  of  carbon  and  the  vola- 
tility of  hydrogen  suggest  the  cases  in  which  the  superior  absolute  heat-develop- 
ing power  of  the  former  would  be  more  than  compensated  by  the  inferior  local- 
ized heat-generating  power  of  the  latter.  Accordingly,  theory  indicates,  and 
practice  confirms  the  indication,  that  in  all  cases  wherever  it  is  desired  to 
bring  the  fuel  and  tlie  material  to  be  fused  into  actual  contact,  a  non-hydro- 
genous fuel,  such  as  coke  and  charcoal,  is  to  be  sought.  When,  however,  the 
substance  to  be  acted  on  is  situated  apart  from  the  fuel,  then  the  latter  may, 
though  not  necessarily  so,  be  hj'drogeuous.  Even  the  carbonaceous  fuels  may  be 
made  to  yield  flame  by  particular  treatment.  If  atmospheric  air  be  supplied  to 
tlie  extent  of  ministering  to  the  full  wants  of  caxbouaceous  combustion,  there 
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is  no  flame,  because  the  carbon  is  immediately  and  entirely  changed  into  car- 
bonic acid ;  if,  however,  the  supply  of  air  be  more  scanty,  or  if  the  fa«l  be  so 
arranged  that  the  carbonic  acid  originally  formed  has  to  permeate  white-hot 
carbon,  it  is  practically  deoxidized,  changed  into  carbonic  oxide,  a  combusti- 
ble gas :  hence  flame  ensues.  So  important  did  it  seem  to  obtain  a  strongly- 
flaming  fuel  for  use  in  the  roTerberatory  furnace  operation  of  iron  puddling, 
that  not  merely  gas-yielding  bodies,  but  gaseous  mixtures  have  actually  been 
proposed,  and  to  a  limited  extent  carried  into  practice ;  moreover,  the  uncon- 
sumed  inflammable  gases  which  escape  from  iron-blast  smelting  furnaces  is 
sometimes  collected,  and  applied  as  a  heating  agent.  Probably,  however,  the 
latter  application  is  one  in  a  wrong  direction.  It  may  be,  and  probably  is  true, 
that  if  an  escape  of  combustible  gas  take  place  from  one  of  these  furnaces 
sufficient  to  be  of  consequence  as  a  heat-giving  agency,  this  circumstance  sug- 
gests an  imperfection  in  the  economy  of  the  furnace.  Instead  of  endeavouring 
to  coUect  the  escaping  gas  to  be  used  as  a  combustible  therefore,  it  might  be 
preferable  to  take  measures  for  burning  the  gas  while  yet  in  the  furnace, 
thus  rendoing  the  heat  developed  by  its  combustion  eflective  in  the 
furnace  operation.  Many  English  iron-manufacturers  who  at  one  time  used  the 
inflammable  gases  of  their  furnaces  as  a  heating  agent,  have  since  abandoned 
the  practice ;  and  a  sort  of  inferential  testimony  to  the  disadvantage  of  the 
process  is  aflbrded  by  the  well-marked  and  ingenious  efliBcts  developed  in  the 
primary  operation,  if  the  collecting  of  the  gaseous  results  be  made  lower  down 
in  the  body  of  the  fiunac^  than  a  line  coincident  with  the  termination  of  the 
first  third  of  the  vertical  height  of  the  furnace  shaft.  If  the  gases  be  with- 
drawn higher  up  than  this,  they  are  mixed  with  so  much  combustible  material, 
such  as  nitrogen  and  carbonic  add,  that  they  are  worthless  as  heating  agents ; 
if  they  are  withdrawn  lower  down,  the  smelting  operation  is  prejudiced  by 
the  removal  of  carbonic  oxide — an  important  agent  in  accomplishing  the  re- 
duction of  iron  ore. 

The  subjoined  table  will  show  the  composition  of  the  gases  thus  with- 
drawn from  iron  furnaces  in  three  diflerent  works,  i,e.  Yeckerhagen,  Clerval, 
and  Barum : — 

(I.).  151  ft.  (n.)  18  ft. 


Nitrogen 6247 -— 58115 

Carbonic  acid  ....  8*44  —  1376 

Carbonic  oxide.     .     .     .  8008  —  22*65 

Carburetted hydrogen    .  224 —    000 

Hydrogen 1-77—    177 


64-28  —  63-20 
4-27  --  12-45 

2917  —  18-57 
1-28—  1-27 
105—    4-51 


.    100-00      100-00  10000     10000 

Regarding  the  composition  of  the  gases  from  Yeckerhagen  and  the  gases 
from  Barum  (I.)  and  those  from  Clerval  and  Barum  (11.)  as  almost  mutually 
identical,  a  mean  may  be  taken  in  hereafter  calculating  their  relative  values. 
The  following  table  represents  the  mean  composition  by  volume  : — 
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^eekerha^cn  and 

Barum  (I.) 

Mean. 

Nitrogen 68*4  . 

Carbonic  add    ....  8*0  . 

Carbonic  oxide  ....  29-6  . 

Carburetted  hydrogen  1*7  . 

Hydrogen 1*4  . 


derraland 

Barum  (II.) 

Mean. 

60-7 

131 

20-6 

0-6 

60 


100-00  10000 

A  composition  by  volume  wMch  accords  with  the  following  composition  by 
weight : — 


Nitrogen 68*4 

Carbonic  acid  ....  5*9 
Carbonic  oxide  ....  29- 0 
Carburetted  hydrogen  .  1*0 
Hydrogen O'l 


B. 

59*7 

19-4 

202 

0-8 

0-4 


100-00  100-00 

The  former,  however,  are  not  the  only  gaseons  constituents  which  are  evolved 
nnconsumed  from  cool  and  coke-burning  furnaces.  Occasionally  hydrogen  and 
carburetted  hydrogen  are  developed,  as  was  found  to  be  the  case  by  Ebelmen 
in  the  gaseous  evolutions  of  furnaces  at  Vienne  and  Port  L'Eveque. 

Whilst  on  tiie  subject  of  the  utilization  of  combustible  gases  which  escape 
from  iron-furnaces,  it  may  be  well  to  indicate  that  the  idea  first  originated  in 
1812,  at  which  date  Abberlet  obtained  a  patent  for  the  application  of  gases 
thus  developed,  to  metallurgical  purposes.  In  1880  an  attempt  was  made  at 
Holsbriicke,  near  Freiberg,  to  employ  the  flame  of  coal-gas  as  the  source  of 
heat  for  cupellation ;  in  neither  case,  however,  was  the  proposition  carried 
out  to  complete  success,  or,  indeed,  folly  inaugurated.  The  merit  of  accom- 
plishing the  latter  is  due  to  Faber  du  Faur,  who,  about  the  year  1838,  tested 
the  value  of  the  suggestion  on  the  furnaces  of  some  iron-works  at  Wiirtem- 
berg. 

However  doubtful  the  advantages  may  be  of  collecting  gaseous  matters 
from  iron  furnaces,  and  utilizing  them  as  fuel,  the  prospective  advantages  of 
employing  combustive  gases  in  this  way  have  seemed  considerable  enough  to 
warrant  tiie  invention  of  several  contrivances  with  this  end  specially  in  view. 
In  France,  and  more  especially  in  Silesia,  combustible  materials  are  gasefied 
with  special  reference  to  employment  of  the  resulting  gas  in  furnace  opera- 
tions. We  have  already  adverted  to  the  disadvantages  which  the  British 
iron-master  encounters  f^om  the  necessity  he  is  under  of  smelting  with  a  fuel 
holding  injurious  quantities  of  sulphur,  phosphorus,  and  some  other  impuri- 
ties. Reflection  on  these  conditions  will  indicate  the  advantages  which  should 
theoretically  accrue  from  the  substitution  of  gaseous  combustibles  devoid  of 
such  matters ;  practically,  however,  much  cannot  be  said  in  favour  of  gaseous 
iron-smelting. 
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Some  few  years  since  considerable  interest  was  excited  by  a  patent  taken 
oat  by  Mr.  R^ece  for  the  conversion  of  peat  into  valuable  products,  by  a  modi- 
fied process  of  destructiye  distillation.  One  of  the  subsidiary  propositions 
involved  by  this  patent  was  the  employment  of  the  gaseous  matters  evolved 
to  effect  the  smelting  of  iron.  It  was  hoped  that  the  result  would  be  equal 
to  Swedish  charcoal  wrought-iron,  and  that  we  should  be  rendered  totally  inde- 
pendent of  that  source  for  our  supply.  The  process  of  Mr.  Reece,  however,  has 
in  no  way  answered  the  expectations  entertained  of  it.  One  of  the  most  powerful 
incentives  to  the  employment  of  gaseous  combustibles  has  arisen  in  countries 
where  charcoal  fuel  is  much  used ;  and  from  the  consideration  of  the  circum- 
stance that  the  mechanical  conditions  of  powdered  charcoal  render  it  imadapted 
to  furnace  operations.  Every  person  who  has  been  accustomed  to  work  witli 
charcoal  as  fuel,  even  on  the  smallest  scale,  must  have  experienced  the  loss 
which  arises  from  the  pulverulent  quality  of  that  substance,  and  can  readily 
imagine  that  this  disadvantage  increases  when  charcoal  is  employed  on  the 
manufacturing  scale.  Now  the  powder  thus  resulting,  though  unfit  to  be 
employed  in  the  condition  of  furnace  fuel,  is  in  the  best  state  of  mechanical 
disaggregation  to  be  converted  into  gas.  Perhaps  the  most  successful  ap- 
paratus for  effecting  the  gasification  of  charcoal  is  one  used  in  France, 
and  constructed  on  the  model  of  an  iron  smelting-fnmace. 

It  consists  of  a  funnel  or  hopper  into  which  the  powdered  charcoal  is 
thrown,  which  latter  sinks  by  its  own  weight  into  the 
body  of  the  fdmace,  and  is  there  exposed  to  a  current 
of  air  forced  upwards  through  it,  by  a  blast-pipe,  which 
enters  the  furnace  underneath.  If  the  hopper  be  kept , 
well  filled  with  charcoal  powder,  no  gas  will  escape 
from  its  orifice ;  but  the  entire  result  of  gasification  will 
find  exit  by  a  tuyere,  and  this  imder  considerable  pres- 
sure. The  apparatus  in  question  is  specially  designed 
for  the  combustion  of  charcoal  powder ;  lump  charcoal 
may,  however,  be  used  if  the  furnace  or  hopper  be 
sappHed  with  a  cover  to  retain  the  gaseous  products  of 
combustion.  Independently  of  the  mere  question  as  to 
the  advantages  or  disadvantages  of  gaseous  combus- 
tibles abstractedly  considered,  the  process  of  gas 
generation  by  the  transmission  of  atmospheric  air 
through  burning  materials  is  attended  with  collateral 
difficulties.  If  care  be  not  taken  to  prevent  the  ad- 
mission of  more  atmospheric  air  than  is  actually  re- 
quired to  subserve  the  process  of  slow  combustion, 
an  explosive  mixture  is  formed,  and  danger  from  that 
cause  is  imminent :  on  the  other  hand,  if  the  gaseous  materials  be  allowed  to 
escape  unconsumed,  the  attendant  workmen  are  liable  to  be  poisoned. 

Matiural  and  Artificial  Blasts. — ^Next  in  relation  to  furnace-heat  we 
have  to  consider  the  various  means  had  recourse  to  for  producing  atmospheric 
currents.    These  admit  of  division  into  natural  and  mechanical ;  the  former 


Fig.  4. 
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comprehending  the  Tarions  fonns  of  chimney  draughts,  the  latter  all  those 
varions  applications  of  compressive  means  which  will  he  presentlj  set  forth 
in  detail  The  action  of  chimney  draughts  is  immediately  referable  to  and 
dependent  upon  the  drcomstance  that  atmospheric  air,  like  all  other  gases 
and  most  other  bodies  of  whatever  cohesive  state,  is  expanded  and  rendered 
specifically  lighter  by  heat.  Thoosands  of  examples  of  this  result  continually 
present  themselves,  from  ^liiich  we  shall  select  a  few  prominent  illustrations. 
An  illustration  of  l^e  diminution  of  specific  gravity  of  a  gaseous  mixture  is 
furnished  by  the  blowing  of  soap-bubbles.  The  function  of  respiration  causes 
a  portion  of  the  air  taken  into  the  lungs  by  the  act  of  breathing  to  be  robbed 
of  its  oxygen,  which,  by  combining  with  the  carbon  of  the  blood,  forms  car- 
bonic acid,  and  is  in  this  state  of  combination  expired.  Seeing,  then,  that  the 
air  expired  from  the  lungs  is  not  pure  atmospheric  air,  but  a  mixture  of  the 
latter  with  nitrogen,  carbonic  acid,  and  aqueous  vapours,  it  follows  that  the 
specific  gravity  of  the  gaseous  material  expired  is  heavier  (at  equal  tempera- 
tures) than  that  of  the  unchanged  atmospheric  air.  Although,  then,  a  soap- 
bubble,  blown  with  warm  air  from  the  lungs,  rises,  this  riauig  cannot  de- 
pend on  any  quality  of  diminished  specific  gravity  as  a  function  of  the  gaseoua 
matter  wherewith  they  are  filled,  inasmuch  as  we  have  seen  Ihe  latter  to  be 
specifically  heavier  by  the  amount  of  carbonic  acid  present ;  it  depends  on  the 
circumstance  that  the  gaseous  materials  are  expanded  by  heat,  owing  their 
increased  lightness  to  that  cause.  Hence  it  is  that,  although  for  a  time  the 
babbles  ascend,  their  ascension  is  not  continuous — as  would  have  been  the 
case  had  they  been  fiUed  with  hydrogen  gas — but  only  temporary :  as  soon  as 
their  gaseous  contents  become  cooled  to  such  a  degree  that  they  are  specifi- 
cally heavier  than  the  external  air,  they  descend. 

An  instructive  toy,  demonstrating  the  asoensive  tendency  of  heated  air, 
is  represented  in  Fig.  6.  A  circular  disc  of  card- 
board being  cut,  a  piece  of  thread  is  attached  to 
the  centre;  and  being  fixed  to  a  hook,  the  card 
is  suspended  from  a  fixed  support  Thus  treated, 
the  cut  card  unravels,  and  becomes  a  conoidal  screw 
helix,  susceptible  of  rotation  when  an  upward  force 
is  applied. 

If  now  any  small  source  of  flame  be  placed  un- 
derneath, the  helix  will  rotate,  thus  demonstrating 
the  agency  of  an  upward  force,  which  evidentiy  is 
that  of  air  ascending,  on  account  of  the  diminished 
specific  gravity  referable  to  expansion  by  heat.  On 
^'^  precisely   similar   principles  is   constructed    the 


smoke-jack,  as  it  is  called :  an  instrument  whose  rotation  is  totally  independent 
of  smoke,  and  is  altogether  referable  to  the  ascensive  force  resulting  from  the 
expansion  of  atmospheric  air.  Manifested  in  a  different  way,  though  referable 
to  ihe  same  primary  cause,  is  the  force  which  causes  the  asoent  of  a  Hon- 
golfier  or  fire-baUoon. 

Chimney-draught  is  a  natural  and  very  obvious  consequence  of  the  expan- 
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sion  of  air  by  heat,  to  which  our  attention  has  been  directed.  The  combustible 
materials  cannot,  as  is  well  known,  bum  without  the  contact  of  air.  Part  of  the 
air  oObcemed  is  separated  into  its  constituents ;  one  part  of  oxygen  uniting 
with  carbon  to  form  carbonic  acid,  another  part  with  hydrogen  to  generate 
wafer — a  final  portion  of  air  remaining  undecomposed,  and  escaping  as  it  went 
in.  Whaterer  the  gaseous  or  vaporous  constituents  which  escape  from  burning 
matdfials  may  be,  tibey  are  heated  by  the  fire  to  which  they  have  been  exposed, 
and  lure  for  that  reason  expanded;  hence  they  have  become  specifically 
lighter,  and  ascend,  leaving  a  partial  vacuum  in  the  chimney  or  shaft,  to  be 
made  good  by  a  further  flow  of  atmospheric  air,  or,  more  properly  speaking, 
the  gaseous  results  of  its  decomposition.  A  consideration  of  the  principles  on 
whi6h  the  draught  of  a  chimney  depends,  will  render  manifest  the  fact  that  a 
chimney  may  be  too  long  for  the  most  complete  activity  of  which  a  chimney 
is  susceptible.  If  it  be  so  tall  that  the  upward  currents  of  air  have  time  to 
cool  until  its  specific  gravity  becomes  lower  than  the  specific  gravity  of  the  ex- 
ternal air,  or  even  coincident  with  it,  the  practical,  no  lass  thanthe^theoretical, 
length  has  been  exceeded.  It  will  be  evident,  moreover,  that  in  order  to 
obtain  the  maximum  heat  for  any  given  fiiel  of  which  a  furnace  is  susceptible, 
no  more  air  should  be  allowed  to  permeate  the  burning  materials  than  the 
amount  absolutely  necessary  to  promote  the  highest  rate  of  combustion.  Any 
amount  of  passing  air  in  excess  of  this  theoretical  quantity,  whatever  it  may 
be,  acts  as  a  cooling  agent ;  and  instead  of  augmenting  the  power  of  combus- 
tion, diminishes  it. 

AU  furnaces  which  rely  on  mere  chimney-draught  for  determining  the 
passage  of  atmospheric  air  through  the  materials  of  combustion,  axe  under 
the  necessity  of  sacrificing  a  portion  of  fuel  to  the  object  of  producing  the 
necessary  flow  of  air ;  hence  for  the  greater  number  of  operations  requiring  a 
very  intense  heat,  chimney-draught  as  a  means  of  effecting  aerial  transfusion 
is  dispensed  with  in  favour  of  some  form  of  blast.  There  are  some  purposes, 
however,  for  which  the  application  of  a  blast,  in  the  ordinary  sense  of  the 
term,  would  Jbe  inconvenient;  in  which  a  chimney- draught  must  be  relied 
upon  to  some  extent ;  its  power  being  increased  by  some  collateral  means. 
Iron  tubular  chimneys  do  not  answer  well,  because  of  the  rapidity  wherewith 
hc&t  is  lost  through  this  substance,  and  the  specific  gravity  of  the  gaseous 
matter  which  they  pour  forth  diminished.  Nevertheless  iron,  or  at  least 
metallic,  chimneys  are  a  necessity  in  the  case  of  steam-vessels  and  locomo- 
tive carriages.  Neitiier  one  nor  the  other  can  dispense,  therefore,  -with  a 
powerful  draught,  which  is  accomplished  by  the  upward  pressure  of  a 
steam-jet 

The  effect  of  this  liberation  is  to  drive  a  column  of  atmospheric  air  vio- 
lently before  it,  thus  compensating  not  alone  for  the  cooling  tendency  of  the 
materials  of  the  chimney,  but  for  the  inadequate  height  to  which  the  chimney 
its^  is  limited  by  the  necessities  of  steam-ships  and  locomotive-carriages. 

The  pressure  of  steam  applied  as  above-mentioned  is  veiy  great  Perhaps 
considered  as  a  means  of  air  propulsion,  mthout  regard  to  tiie  moisture  im- 
parted, there  is  no  method  of  producing  a  blast  equally  efiective.  Necessaiily, 
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however,  the  steam  must  impart  moisture  to  the  air,  thereby  deteriorating 
the  latter  for  all  combustive  operations. 

Blast-BIachines. — The  most  piimitive  method  of  generating  an  air-blast 
is  by  some  modification  of  tlie  leather  bellows.  Originally  bellows  were 
noUiing  more  than  the  skin  of  an  animal  closely  sewn  except  at  one  pari,  to 
which  a  spout  or  delivery-tube  was  attached,  also  serving  to  admit  a  farther 
charge  of  air  when  the  sides  of  tlie  bag  were  pulled  asunder.  From  this  pri- 
mitive instrument  to  the  valved  single  bellows,  and  thence  to  the  valved 
double  bellows,  used  at  this  time  by  blacksmiths,  and  yielding  an  uninter- 
mpted  stream,  tlie  transition  is  obvious.  The  great  advantages  of  bellows 
are,  economy  of  first  cost  and  facility  of  employment :  they  serve  perfectly  weU 
for  blacksmiths'  forges  and  small  furnaces ;  but  tlie  use  of  bellows  in  metal- 
lurgic  operations  on  the  large  scale  is  limited,  and  gradually  decreasing. 

The  blowing  apparatus  now  generally  employed  on  the  large  scale  is  that 
of  compression  cylinders.  It  is  obvious  that  a  metalhc  cylinder,  like  the 
cylinder  of  a  steam-engine,  may  be  converted  by  a  simple  arrangement  of 
valves  and  piston  work  into  a  powerful  apparatus  for  delivering  compressed 
air.    An  usual  form  of  compression  cylinder  is  represented  below. 


Fig.  6. 


The  effective  power  of  a  blowing  cylinder — or,  in  other  words,  the  quantity 
of  air  of  specified  density  w^hich  it  contributes  in  a  given  time,  may  be  arrived 
at  in  two  distinct  ways.  The  first  consists  in  ascertaining  the  actual  capfr 
bility  of  the  cylinder,  and  determining  the  number  of  times  it  can  be  filled 
with  air  and  the  air  discharged  in  a  given  time.  The  second  method  is  by 
ascertaining  the  velocity  or  power  of  the  first,  determined  by  taking  into  con- 
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sideration  the  drcumstances  of  barometric  pressure,  moisture,  and  tempera- 
ture at  the  time  of  the  experiment. 

As  regards  the  former  method  of  investigation,  it  must  be  borne  in  mind, 
that  the  number  of  times  per  minute,  or  for  any  other  given  period,  that  a 
blowing  cylinder  is  filled,  would  be  a  very  false  criterion  of  the  actual  amount 
of  air  which  finds  its  way  into  the  furnace.  Owing  to  the  elasticity  of  the  air, 
iuefiEidctive  space  in  the  cylinder,  loss  of  air  between  the  cylinder  and  pis- 
ton, added  to  further  losses  in  the  windways  and  regulators,  the  actual 
amount  of  air  which  finds  its  way  into  the  furnace  is  always  some  20  or  even 
25  per  cent,  less  than  the  total  amount  subjected  to  compression.  This  loss 
occurs  even  in  the  best  blowing  cylinders ;  in  wooden  blowiog-chests — a 
common  form  of  apparatus — the  loss  not  unfrequeutly  amounts  to  nearly 
double.  Being  aware  of  the  loss  incurred,  the  appended  formula  may  prove 
serviceable.  It  teaches  the  amount  of  air  of  natural  atmospheric  densify  taken 
into  a  blowing  cylinder  in  one  minute  of  time. 


d 


in  which 

Q  represents  the  amount  of  atmospheric  air  sought — ^in  cubic  feet. 

g  tiie  diameter  of  the  piston  in  feet. 

V  ratio  of  circumference  to  diameter  (i.e.  the  number  8.1510). 

h  length  of  piston-stroke  expressed  in  feet. 

d  number  of  revolutions  expressed  in  terms  of  seconds. 

Though  compression-cylinders  furnish  the  most  powerful  and  the  most 


Fig.  8. 

certain  means  of  delivering  air  in  a  blast,  there  are  oihers  of  great  practical 
importance.    The  ventilator  or  fan-blast  is  one  of  the  most  useful,  and  at  the 
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same  tiine  most  simple;  it  is  represented  in  the  two  preceding  diagrams 
sectionallj.  Fig.  7  represents  a  cylinder  or  drum,  cut  transversely  to  its 
axis,  aiid  displaying  the  sectional  view  of  four  vanes.  Fig.  8  represents 
the  same  cylinder  cut  parallel  to  its  axis,  and  displaying  two  central  openings, 
one  on  each  side. 

When  the  vane  is  put  in  motion,  air  enters  by  the  central  apertures,  and  is 
forcibly  and  continuously  driven  out  throu^  the  aperture,  thus  constiiating 
the  hlast.  This  fonpi  of  apparatus  has  been  so  familiarized  by  being  substituted 
for  domestic  bellows,  that  its  description  is  almost  unnecessary. 

Notwithstanding  the  disadvantages,  practical  no  less  than  theoretical, 
which  attach  to  the  employment  of  moist  air  in  furnace  operations,  hydraulic 
blasts  of  simple  description  are  amongst  tiie  most  ancient;  whilst  modem 
variations  on  the  principle  of  hydrauHo  blowing  have  given  rise  to  some 
simple  and  curious  machines. 

The  trompe,  as  it  is  called,  is  a  simple  and  ingenious  method  of  determin.- 
ing  a  current  of  wind  by  a  feming  current  of  water.  It  is  a  form  of  apparatus 
very  prevalent  in  Catalonia ;  hence  the  appellation  *'  Catalan  trompe,"  which 
is  sometimes  applied  to  it.    The  instrument,  however,  slightly  modified,  is 

employed  in  Italy  and  Switzerland, 
being  applicable  to  mountainous 
regions  where  high  falls  of  water 
can  be  commanded,  and  the  amount 
of  atmospheric  pressure  required 
is  inconsiderable. 

An  examination  of  the  accom- 
panying figure  will  render  evident 
the  construction  and  principles  on 
which  the  trompe. is  founded. 

The  diagram  (Fig.  9)  represents 
a  cistern  above,  containing  water, 
and  communicating  with  the  verti- 
cal pipes  which  respectively  ter- 
minate, in  two  chests.  Between 
these  chests,  and  placing  them  in 
aerial  connection,  is  a  semicircular 
pipe ;  and  the  part  of  tlie  appa- 
ratus on  the  left,  sectionally  repre- 
sented, shows  a  transverse  plank, 
on  which  the  wate^  is  broken  in  its 
fELll.  The  action  of  the  ti?ompe  is 
this  : —  The  vertical  column  of 
water,  in  its  descent,  carries  before 
it,  and  mingled  with  it,  considerable 
portions  of  atmospheric  air :  strik- 


Fig.  9. 


ing  against  the  transverse  plank,  a  separation  between  the  air  and  water  is 
efiected, ^the  former  passing  into  the  arched  tube,  and  escaping  as  a  blast 
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through  ft  tabular  orifice  carrespondiag  with  O,  whilst  the  water  passes  iiito 
the  lower  reservoir.  This  form  oi  apparatus  would  be  quite  inoperatiye  if 
applied  to  furnaces  heated  with  coke  or  coal ;  but  it  answers  sufficiently  well 
in  cases  where  charcoal  is  the  fuel  employed. 

ChadmWMmaU — This  is  a  somewhat  elaborate  application  of  hydraiilie 
laws  to  the  purpose  of  cr«ating  an  air-blast  It  is  depicted  in  the  accompany- 
ing diagram  (Fig.  10),  aad  its 
CGSistmctiQn  is  as  iollews  :-«- 
An  endless  ehaia,  fumuAed 
with  oertaia  aj^^Midages,  the 
motiTe  of  vkich  we  shaU  pre- 
seatfy  explain,  is  seen  to  pass 
oyer  a  wheel  or  pulley,  and 
throu^  a  pipe  which  termi- 
nates in  an  air-chamber  below. 
This  air-chamber  communi- 
catee with  a  beat  tube,  as  le^ 
presented :  and  a  lateral  tube 
pointing  towaxds  the  left  is 
also  seen  to  be  connected  with 
the  upper  part  of  the  yertical 
tubular  shaft  Glancing,  no\^, 
at  the  transyerse  appendages 
to  the  endless  chain,  placed  at 
regular  interrals  throughout 
its  length,  they  consist  of 
cylindrical  boxes  quite  open  at 
one  end,  and  capable  of  being 
opened  or  shut  at  the  other 
end,  each  by  two  flaps  or 
TBlyes.  The  latter  fall  by  their 
own  wei^t  when  the  cylin- 
ders are  on  the  left,  or,  as  will 
be  hereafter  seen,  at  eyery  part  of  their  downward  descent,  and  open  (as 
represented  in  the  diagram)  when  moving  upwards.  When  it  is  now 
explained  that  water  enters  by  the  lateral  orifice  /,  the  action  of  the 
machine  will  be  made  evident  The  water  pressing  successively  on  each 
cylinder,  causes  it  to  descend  through  the  vertical  pipe,  conveying  with  it 
the  air  ¥dth  which  it  is  fiUed,  and  which  cannot  escape,  because  the  valves 
are  shut;  each  cylinder,  therefore,  liberates  its  contents  of  air  into  the  air- 
chamber  below,  and  thence  through  the  associated  blast-tube.  Passingon,  the 
valve  side  of  each  cylinder  again  looks  downwards,  and  the  valves  open, 
only  to  shut  once  more,  and  to  act  as  before  described,  so  soon  as  they  again 
take  their  downward  course. 

A  stUl  more  powerful  and  not  less  ingenious  method  of  creating  a  hydro- 
static blast,  is  furnished  by  tiie  machine  known  on  the  Continent  by  the 
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name  of  "  Cagniardelle"    This  instmment  may  be  generally  desctibed  as 
consisting  of  a  cylindrical  screw,  the  shaft  of 
which  fits  air-tight  to  a  cylinder  in  which  it  is 
inclosed, — ^the  cylinder  being  diagonally  placed 
in  a  reservoir  partially  filled  Tvitli  water  (Fig, 

11). 

One  end  of  tho  cy- 
linder is  seen  to  be  Hut, 
the     other     conoidiil. 
Through  the 
truncated  a- 
pex    of    the 
conoid  a  de- 
livery pipe  is 
also  seen  to 
pass;  but  the 
diagram  does 
not  represent 
what  is   ac- 
tually      the 
ficu^t,  that  the 

flat  end  of  the  cylinder  is  open.  It  follows  as  a  necessily  of  the  construction 
of  this  instrument,  that  the  atmospheric  air  which  enters  by  the  open  flat 
end  is  screwed  along  by  the  combined  force  of  rotation  and  water-pressure 
until  it  reaches  the  tube  passing  through  the  truncated  apex,  which  tube  is  a 
delivery  tube  for  air. 


Fig.  11. 
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CHAPTEB  m. 

ON  THE  TARIEIIES  AND  COMPARATIVE  VALUE  OF  FUEL. 

'We  come,  now,  to  the  consideration  of  a  very  important  matter  in  relation 
to  metallnrgy,  the  consideration  of  the  various  kinds  of  fuel  employed  by 
metaUnrgists ;  and  the  special  peculiarities,  advantages,  and  disadvantages 
of  each.  Collaterally,  we  have  already  had  reason  to  remark  that  hydrogen 
and  carbon  may  be  regarded  as  the  only  materials  of  fuel  practically  con- 
sidered ;  we  have  shown  that  hydrogen  is  the  greater  heat-developer  of  the 
two,  but  that  carbon  has  the  larger  sphere  of  utilization.  Collaterally,  too,  we 
have  had  occasion  to  go  somewhat  into  detail  concerning  the  substitution  of 
combustive  gases ;  whence,  therefore,  the  remarks  we  now  propose  to  offer 
will  be  limited  to  the  consideration  of  solid  fuel,  both  natural  and  artificial. 

IMtIsIok  of  fvels. — Conventionally,  fuels  admit  of  division  into  vege- 
table and  mineral — understanding  by  the  latter  designation,  coal  in  all  its 
Tazieties,  and  coke  the  derivative  of  coaL  We  might  add,  were  it  of  sufficient 
importance,  the  third  class  of  animal  fuel,  inasmuch  as  animal  matters,  fiat 
especially,  have  been  employed  in  the  formation  of  at  least  one  kind  of  artificial 
fuel. 

Under  the  head  of  vegetable  fuel,  we  understand  wood  and  wood-charcoal, 
and  peat.  The  former  has  a  veiy  limited  application  to  the  processes  of 
metallurgy,  but  the  latter  is  in  some  parts  of  the  world  a  fuel  of  great  impor- 
tance :  it  was  of  great  importance  in  our  own  Isles  some  centuries  back ; 
and  it  would  continue  to  be  so  now  if  a  greater  supply  of  it  were  procurable. 
A  great  disadvantage  consequent  on  the  use  of  wood  as  fuel,  is  the  obstinacy 
with  which  it  absorbs  and  retains  water.  Even  timber  which  has  been 
barked  and  felled  for  twelve  months,  will  be  found  to  contain  on  the  average 
somewhere  about  25  per  cent,  of  water.  This  circumstance,  added  to  the 
hydrogenous  composition  of  wood,  giving  rise  to  a  flame  beyond  the  wants  of 
the  smelter,  has  led  to  the  abandomnent  of  wood  as  furnace  fuel,  even  in  those 
parts  of  the  world  where  wood  is  most  abundant.  It  is  now  almost  universally 
charred  by  the  metallurgist  before  being  employed  in  his  furnace  operations. 

The  processes  by  which  wood-charcoal  is  made,  resolve  themselves  func- 
tionally into  two,  although  the  appliances  had  recourse  to  for  this  purpose  are 
various.  Either  the  wood  is  exposed  to  smouldering  heat,  with  as  little  ex- 
posure to  air  as  may  be  consistent  with  the  support  of  slow  combustion,  and 
all  the  volatile  mat^ials  evolved  are  lost ;  or  the  wood  is  submitted  to  a  pro- 
cess of  destructive  distillation  in  retorts,  whereby  not  only  is  charcoal  of 
better  quality  produced,  but  acetic  acid,  tar,  and  other  organic  volatile  products 
of  different  degrees  of  value,  are  set  free,  and  collected.  A  third  process  of 
charcoal  manufacture  may  be  indicated :  it  is  the  process  of  M.  Yiolette, 
which  consists  in  the  injection  of  high-pressure  steam  into  cylinders,  holding 
blocks  of  dried  wood;  which  by  exposure  in  this  manner  to  the  steam  become 
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charred.  Inasmach,  however,  as  this  process  of  charcoal  manufacture  is  never 
adopted  for  metallurgic  ends,  but  for  the  production  of  a  superior  kind  of 
charcoal  to  be  employed  in  the  manufacture  of  gunpowder,  any  further 
description  of  the  process  in  question  is  here  unnecessary. 

Veat. — ^The  substance  known  as  peat  or  turf,  occurs  enormouslj  developed 
in  various  parts  of  the  world,  especially  in  the  northern  hemisphere.  Inland 
portions  of  North  Holland  and  Germany  are  conspicuous  as  peai-yieldiiig 
localities.  The  extensive  domestic  applications  of  peat-fuel  by  the  Dutch 
must  have  been  conspicuous  to  every  one  who  has  been  in  HoUand;  and  at 
home,  both  Ireland  and  Scotland  are  largely  indebted  to  peat  Peat,  chemi- 
cally considered,  may  be  regarded  as  a  fuel  sometiiing  between  wood  and 
wood-charcoal,  differing  from  both,  however,  in  yielding  a  greater  amount  of 
ashes.  This  peculiarity  can  easily  be  accounted  for :  peat  during  its  existence 
in  masses  becomes  infiltrated  with  water  holding  mineral  salts, — the  water 
evaporating,  leaves  the  salts  behind  as  a  fixed  residue,  to  appear  as  ashea 
when  the  peat  is  burned. 

Moreover,  finely  comminuted  particles  of  mould  get  infikrated  into  tho 
interstices  of  the  peat,  in  this  way  also  increasing  the  amount  of  resulting 
ashes.  The  amount  of  ashes,  however,  yielded  by  peat  in  different  localitLea, 
varies  within  wide  limits,  some  specimens  yielding  not  more  than  one-third 
part  per  cent,  whilst  the  ashes  of  other  varieties  amount  to  upwards  of  30 
per  cent  When  analyzed,  these  ashes  are  found  to  contain  abundance  of 
phosphates  and  sulphates ;  but,  what  is  extraordinary,  no  alkaline  carbonates, 
as  is  the  case  in  the  ashes  of  all  wood. 

As  respects  the  distribution  and  prevalence  of  peat,  it  has  been  calculated 
that  it  constitutes  no  less  than  one-seventh  of  the  surfBu^e  of  all  Ireland,  or 
two  million  eight  hundred  thousand  statute  acres.  The  average  thickness  of 
the  Dutch  peat  formations  have  been  estimated  at  two  feet ;  in  Ireland,  how- 
ever, the  depth  of  peat  bog  is  usually  much  greater^— sometimes  no  less  than 
thirty  feet 

The  vegetables  of  which  peat  is  formed  differ,  as  will  have  been  antici- 
pated, for  different  regions  and  climates.  The  chief  vegetables  which  have 
contributed  to  the  formation  of  peat  in  the  northern  hemisphere  are  mosses, 
amongst  which  the  Sphagnum  palmtre  especially  predominates;  heaths,  and 
rushes ;  fiici  and  reeds,  and  one  or  more  species  of  cotton-grass.  Besides 
these  there  are  frequentiy  discovered  in  peat-bogs  large  trees  of  various  kinds, 
and  occasionally  the  remains  of  animals.  The  chemical  agency  of  peat  is 
inimical  to  organic  decay,  probably  on  account  of  the  tannic  acid  contained  by  it 
This  is  the  explanation  of  the  unchanged  state  of  animal  remains  frequently 
discovered  in  peat  Amongst  the  most  frequent  of  these  animal  debris  is  a 
sort  of  fat,  to  which  the  appellation  "  peat-&t "  has  been  given ;  it  is  probably 
the  result  of  soft  animal  tissues,  converted  into  the  ammoniacal  soap  known  as 
'*  adipocere.'*  The  deeper  layers  of  peat  bogs  are  very  ancient ;  nevertheless, 
unlike  coal,  peat  is  undergoing  formation  even  now.  In  the  southern  hemis- 
phere peat  occurs,  but  its  presence  is  demarcated  by  the  45tii  degree  of  lati- 
tude.   Peat  of  the  southern  hemisphere  is  made  up  of  the  partially  decomposed 
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substauces  of  nearly  eveiy  vegetable  species  bow  growing  in  the  localities 
wben  it  is  found.  The  preparation  of  peat  for  fuel  differs  in  different  localities 
in  these  isles,  where,  tm-aocount  of  the  abundance  of  coal,  peat  is  of  very  little 
importance.  The  usual  operation  of  pxcpsring  it  for  fuel  merely  consists  in 
cutting  it  out  of  the  ground  by  spade  labour  in  pieces  of  suitable  dimensions, 
and  drying  them  in  stacks.  In  Germany  a  similar  process  of  preparation  is 
adopted;  but  in  Holland  the  process  is  more  elaborate;  this  being  chiefly 
necessary  on  account  of  the  less  coherent  state  in  which  the  Dutch  peat  is 
found.  It  is  here  infiltrated  with  water — more  mud-Uhe  than  the  peat  of  Ire<- 
land  or  Giermany;  it  does  not  therefore  admit  of  being  merely  spaded  out 
and  dried,  but  is  extracted  by  a  sort  of  cullender  or  ladle  as  a  kind  of  mud ; 
which,  being  placed  in  suitable  receptacles  of  equal  depth  throughout,  is  sub- 
mitted to  pressure  until  the  greater  amount  of  water  which  it  contained  v$ 
expelled.  One  great  disadvantage  of  peat,  considered  as  furnace  fuel,  is  its 
great  porosity ;  to  the  end  of  diminishing  which,  the  operation  has  been  pro- 
posed,  and  to  some  extent  carried  into  execution,  of  submitting  it  to  hydro- 
static pressure,  and  giving  it  the  form  of  coherent  blocks.  Considered  without 
reference  to  expense,  the  treatment  succeeds ;  but  a  review  of  the  stages 
of  the  operation  involved,  demonstrates  it  to  be  oostiy.  Peat  charcoal  is 
still  more  difficult  to  be  managed  as  a  fuel  than  peat  itself.  When  chaired, 
peat  does  not  yield  lumps  like  wood,  but  falls  to  powder.  Lately,  peat  char- 
coal has  been  recommended  as  a  deodoriser,  and  as  a  manure ;  but  the  only 
way  hitherto  devised  of  converting  it  into  a  practicable  fuel  consists  in  mixing 
it  with  tazry  matter  and  moulding  it  into  blocks. 

CSoal. — ^We  need  scarcely  enlarge  on  the  chemical  nature  of  this  important 
variety  of  fueL  Every  person  knows  that  coal,  of  whatever  kind,  originally 
consisted  of  vegetable  growths  deposited,  in  some  manner  not  easily  under- 
stood, at  various  epochs  of  the  world's  geological  history,  and  subjected  to 
the  chemical  changes,  under  various  degrees  of  pressure,  which  have  resulted 
in  a  conversion  of  the  original  wood  into  one  or  other  of  the  varietiea  of 
coal  which  are  now  found.  As  regards  the  methods  by  which  the  vegetable 
growths  were  first  deposited,  there  are  two  hypotheses,  both  perhaps 
correct,  each  applicable  to  different  carboniferous  regions.  According  to 
the  assumptions  of  one  hypothesis,  the  vegetables  out  of  which  coal  has 
been  subsequently  formed,  grew  in  the  locaHties  where  the  coal  is  now  foundi 
and  were  submerged  by  some  geological  convulsion ;  according  to  the  other 
hypothesis,  the  vegetable  growths  were  of  the  nature  of  drifts,  having  been 
wafted  down  by  rivers,  and  deposited  in  their  deltas;  subsequentiy  these 
deltas  in  question  having  become  dry  land,  the  vegetable  matter  was  left  in 
the  position  where  we  now  find  it  as  coal.  There  is  reason  to  suppose  that 
every  coal  formation  was  originally  basin-like ;  and  as  we  have  frequently 
seen  in  many  carboniferous  localities  the  basin  form  is  disturbed,  broken, 
and  interrupted,  it  is  probable  that  these  changes  are  referable  to  geological 
disturbances  of  the  earth's  crust. 

Coal  is  found  in  three  distinct  geological  formations,  though  in  quantities 
so  unequal,  and  of  kinds  so  different  in  quality  and  importance,  that  the  dis- 
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tmctive  geological  appellation  of  coal-measures  or  coal-formations  is  amply 
justified.  The  coal-measures  are  found  overlajdng  the  old  red  sandstone, 
and  present  the  two  well-marked  varieties  of  antliracite,  which  is  lowest  down, 
and  brown  coal,  which  occurs  in  layers  above.  Anthracite  is  the  oldest  of  all 
coal-formations,  and  it  has  been  subjected  to  the  greatest  amount  of  chemical 
agency,  to  which  the  nature  of  its  composition  aud  the  mode  of  its  combustion 
amply  testify.  Anthracite  partakes  much  of  the  nature  of  charcoal.  It  is 
almost  devoid  of  hydrogen  or  hydrogenous  components ;  for  which  reason  it 
yields  littie  flame  during  combustion,  and  is  therefore  frequentiy  selected  when 
flame  and  smoke  are  undesirable.  The  foregoing  constitute  what  are  termed 
the  coal-formations.  They  are  incomparably  of  greater  importance  than  any 
other,  both  as  regards  the  amount  of  coal  yielded  and  its  adaptability  to  the 
wants  of  mankind. 

Coal  of  the  secondary  formation  occurs  in  the  older  members  of  the  new 
red-sandstone  series,  especially  in  the  oolitic  strata.  In  the  tertiary  forma- 
tions, it  occurs  in  fresh-water  limestone  strata,  and  a  few  other  members, 
lignite  and  Bovey-coal  are  referable  to  this  last,  both  characterised  by  the 
incipient  change,  by  comparison  with  other  coal,  which  the  vegetable  matter 
yielding  it  has  imdergone. 

The  use  of  pit-coal  (by  which  is  to  be  understood  coal  of  the  carboniferous 
series)  is  stated  to  have  been  first  commenced  in  Britain  in  the  ninth  century. 
In  1269,  Henry  permitted  the  inhabitants  of  Newcastie  to  dig  for  coal,  from 
which  period  it  gradually,  though  very  slowly,  foimd  its  way  into  ordinary 
use ;  not  travelling  far,  however,  from  tiie  locality  of  its  production. 

The  employment  of  coal  as  a  fuel  in  London,  only  dates  from  about  two 
hundred  and  fifty  years  ago,  when,  and  for  a  long  time  subsequent,  two  small 
ships  were  found  to  be  sufiicient  for  supplying  metropolitan  wants.  A  pre- 
judice, indeed,  long  existed  against  the  employment  of  coal  in  London.  The 
tvYo  small  ship-loads  could  not,  when  distributed  through  all  London  and  burned, 
have  given  rise  to  an  insufferable  amount  of  smoke,  one  might  be  inclined  to 
think ;  nevertheless,  Londoners,  more  fastidious  apparentiy  then,  in  the  matter 
of  smoke,  than  now,  called  pit-coal  "  a  nuisance."  Sovereigns,  even,  tolerated 
it  only ;  and  though  the  use  of  coal  was  ordinarily  permitted  in  London,  yet  a 
statute  passed  in  tiie  reign  of  Edward  I.,  and  one  subsequentiy  in  the  reign 
of  Elizabeth,  prohibited  the  burning  of  coal'in  London  during  the  sittings  of 
Parliament,  lest  British  law-makers  should  be  incommoded  by  the  smoke 
therefrom  arising.  At  a  subsequent  period,  somewhere  about  the  year  1649, 
a  prohibition  was  not  only  laid  against  the  use  of  coal  in  London,  but  the 
prohibition  included  another  nuisance  which  modem  Englishmen  would  be 
slow  to  admit  in  that  category, — ^the  second  nuisance  being  no  other  than 
'*  hops."  In  the  year  1520,  Newcastie  coal  was  first  imported  into  Paris ;  but 
the  inhabitants  of  the  French  capital  have  not,  even  now,  taken  cordially  to 
the  use  of  coaL  The  working  of  the  Scotch  coal-pits  was  commenced  in  1281, 
a  period,  therefore,  somewhat  later  than  the  first  discovery  of  Engligh  coaL 
In  Belgium,  coal  was  not  extracted  until  about  the  year  1198  or  1230, — ^the 
place  of  extraction  being  Liege. 
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The  coals  annually  raised  in  Great  Britain  have  been  estimated  at  not  less 
than  35,000,000  of  tons,  of  which  not  more  than  8,000,000  are  exported, — 
leaving  for  home  consumption  82,000,000  tons  of  various  kinds.  Nearly 
8,500,000  tons  of  this  quantity  are  annually  consumed  in  London !  Of  iron 
we  raised  in  1750  only  30,000  tons ;  by  1850  the  quantity  had  increased  to 
2,250,000  tons.  According  to  the  official  returns  of  1849,  the  export  of  iron 
of  all  kinds  was  valued  at  ^,500,000. 

^TtlflHul  Fvel. — ^The  term  artificial  fael  has  been  applied  to  signify 
various  combinations  of  combustible  matters,  either  of  which  alone  would 
present  mechanical  or  chemical  conditions  unfavourable  to  combustion  for 
practical  appliances.  The  first  attempt  at  the  manuj&tcture  of  this  kind  of 
fuel  appears  to  have  been  undei-taken  in  Norway,  where  the  sawing' of  large 
quantities  of  timber  gives  rise  to  a  quantity  of  sawdust,  not  adapted  to  the 
purposes  of  fuel  in  its  original  state,  but  which,  nevertheless,  contains  similar 
elements  of  combustion  with  wood  itself.  Accordingly,  the  sawdust  was 
mingled  with  tar ;  and  being  pressed  into  blocks,  these  were  applied  to  fdmace 
operations. 

We  in  these  isles  have  not  a  sufficient  accumulation  of  sawdust  to  render 
its  employment  as  fael  a  desideratum ;  a  remark  which  equally  applies  to 
Germany.  Both  ourselves  and  the  Germans,  however,  have  enormous  maga- 
zines of  turf,  and  wasteful  debris  of  small  coal,  both  of  which  it  would  be 
desirable  to  convert  into  the  mechanical  shape  and  condition  subservient  to 
good  combustion.  Accordingly,  numerous  kinds  of  artificial  fuel,  consisting 
of  burning  turf,  turf-charcoal,  and  small  coal,  have  been  prepared,  with 
various  degrees  of  success.  Swazil,  an  Austrian,  combines  porous  turf  with 
organic  matter,  induces  a  peculiar  state  of  decomposition  between  the  two, 
and  generates,  it  has  been  said,  an  effective  artificial  fuel.  HiU,  a  British 
chemical  manu&cturer,  first  submits  turf  to  destructive  distillation,  thus  libe- 
rating tarry  products,  which  he  subsequentiy  incorporates  with  the  charcoal 
left  behind,  and,  by  pressing  tiie  compound  result  into  blocks,  in  this  manner 
prepares  his  fuel.  Another  inventor,  a  foreigner,  mixes  small  coal  with  fat, 
and  presses  the  result  of  the  mixture  into  blocks.  WarUch  mixes  small  coal 
with  alum  or  salt,  forms  the  mass  into  blocks,  and  exposes  them  to  destructive 
distillation  in  a  retort.  Bessemer's  process  of  artificial  fuel  manufacture  is 
based  upon  the  circumstance  that  small  coal,  when  heated  to  about  500^  or 
600**,  becomes  pasty,  and  agglomerates.  Such  are  the  chief  varieties  of  arti- 
ficial fuel — ^neither  of  which  is  so  much  a  desideratum  with  smelters,  as  appli- 
cable to  the  purposes  of  steam-ships ;  while  condensation  of  combustible 
matter  and  the  facility  of  stowage,  dependent  on  regularity  of  form  in  the 
masses,  are  matters  of  especial  consequence. 

CompamtiTe  Value  of  Fuel. — ^F^ometricaJly  deduced,  this  is  a  most 
important  subject  of  inquiry  to  the  metallurgist,  and  it  is  one  beset  with  many 
difficulties.  We  shall  indicate  the  principal  methods  of  calorific  estimation 
whic}i  have  been  devised,  repeating,  however,  the  observation  already  made, 
that  for  practical  operations  the  mechanical  structure  of  a  fuel  is  a  consider- 
ation of  almost  equal  importance  with  its  chemical  nature. 
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Inasmuch  as  there  is  no  absolute  or  naturally  existing  want  of  heat,  the 
philosopher,  in  prosecntmg  his  researches  in  this  field,  is  limited  to  the  consi- 
deration of  the  amount  of  heat  hy  which  a  given  quantity  of  one  combustible 
exceeds  the  amount  yielded  by  the  same  quantity  of  another.  In  making 
tills  comparison,  we  may  compare  equal  weights,  or  equal  measures ;  if  the 
former,  we  arrive  at  the  absolute — ^if  the  latter,  we  deduce  the  relative  effects 
of  heat.  Firstly,  we  shall  review  the  principal  methods  which  have  been 
devised  for  acquiring  a  knowledge  of  the  absolute  effects  of  heat.  And  first, 
by  the  method  proposed  by  Rumford— premising  that,  in  expressing  calorific 
effects  in  thermometric  degrees,  the  Centigrade  scale  will  be  adopted,  as 
affording  greater  fecilities  of  calculation  than  tlie  scale  of  Fahrenheit. 

Bumford's  method  of  estimating  the  absolute  effects  of  heat  developed  by 
a  fuel  consists  in  determining  the  quantity  of  such  fuel  necessary  for  heating 
a  given:  weight  of  water  from  0"*  to  100**  G.  According  to  this  mode  of  invest!- 
j^tion,  it  is  found  that,  respectively,  equal  weights  of  hydrogen,  pure  carbon, 
and  wood-charcoal  heat  water  from  0**  C.  to  100*  C.  in  the  following  ratio : — 

PABTS  BY  WEIGHT. 

1    .    .    .    Hydrogen— heat    .    236  parts  of  \ 

1     .    .    -Carbon  ,       .      78       „      L^terfrom  0«>C.to  lOOoC. 

-  (Wood     \  ^- 

^    '    '    '  \Charcoal)       "       .       ^5       n      j 

Heflecting  now  that  the  number  of  degrees  in  the  Centigrade  scale  between 
0'  C.  and  the  boiling  point  of  water  is  100,  it  follows  that  the  respective  figures 
of  absolute  heating  power  for  each  degree,  and  for  each  of  the  bodies  respec- 
tively above-mentioned,  may  be  deduced  by  multiplying  the  parts  by  weight 
of  water  heated  from  0°  C.  to  100'  C.  by  100 :  whence  it  follows  that 

PABTS  BY  WEIGHT. 

1    .     Hydrogen— heat      .    .     2-3600  parts  of  ^ 
1    .     Carbon  „     .     .      7800 

1  .  Wood-charcoal  „  .  .  7500 
Thus  we  deduce  what  may  be  termed  the  respective  unities  of  heating  effect 
for  hydrogen,  carbon  (pure),  and  wood  charcoal.  Furthermore,  the  above 
relations  admit  of  simplification.  Natural  unit  of  absolute  heat,  we  have 
I  already  mentioned,  there  is  none.  It  will  be  desirable,  therefore,  to  assume 
a  conventional  or  empirical  standard ;  and  carbon  being,  par  exoeUencet  the 
combustible  involved  in  technical  operations  based  upon  combustion,  the 
Bubstance  may  be  taken  as  the  conventional  unit.  Dividing,  therefore,  the 
first  and  the  last  of  the  numbers  given  in  the  preceding  series,  by  the  middle 
uiimber,  i.e.  7800,  as  that  indicating  the  unit  of  absolute  heating  effect  for 
carbon,  we  then  make  carbon  the  prime  standard  or  unity,  representing  its 
absolute  heating  effect  by  1,  and  the  respective  absolute  heating  effects  of  hy- 
drogen and  wood- charcoal  as  represented  by  the  following  series  : — 

Carbon        .        .        .    =  1  . 

Hydrogen   .        .        .    =  3.03 
AVoodcharcoal    .        .    =  0.96 


^vater  fiom  0<»  C.  to  100»  C. 
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From  this  statement  the  deduction  is  arrived  at,  that  the  more  hydrogenous 
a  fuel  is,  the  greater  the  absolute  heating  effecte  resulting  from  ite  com- 
bustion. 

Next,  we  shall  consider  the  process  devised  by  Karmarsch  for  obtaining 
similar  information.  Instead  of  measuring  the  absolute  heating  power  of  a 
combustible  by  ascertaining  the  weight  of  water  it  was  capable  of  heating 
from  0°  C.  to  100",  Kaimarsch  ascertained  the  weight  of  water  which  a  given 
weight  of  fuel  during  combustion  could  raise  in  steam.  This  was  the  process 
fallowed  by  Brix,  in  determining  the  relative  value  of  Prussian  fuels.  It  is, 
perhaps,  unnecessary  to  indicate,  that,  to  arrive  at  the  greatest  correctness  of 
which  the  process  is  susceptible,  the  water  used  in  the  series  of  comparative 
experimente  must  be  taken  at  the  same  temperature.  Brix,  in  conducting 
his  investigations,  used  water  of  0^  C.  or  32^  F. :  his  scientific  expressions  were, 
moreover,  conveyed  in  terms  of  the  Reaumur  thermometric  scale. 

Berthier's  method  is  more  complex.  It  is  based  upon  atomic,  or  (to  avoid 
the  language  of  theory)  equivalent  proportional  considerations,  which  the 
following  remarks  will,  it  is  presumed,  make  evident.  Inasmuch  as  the 
equivalent  weighte  of  hydrogen,  carbon,  and  oxygen,  are  respectively  1, 6,  and 
8,  and  the  respective  compositions  of  water  and  carbonic  acid  are 

Water  (parte  by  weight  or  equiv.) 

Carbonic  add  (  „  „  ) 

it  appears  that  two  parte  by  weight  of  hydrogen,  in  generating  water  by  com- 
bustion with  oxygen,  consume  sixteen  parte  of  the  latter ;  whereas  the  same 
quantity  of  oxygen  {i.e,  sixteen  parte  by  weight)  is  only  consumed  by  six 
parte  of  carbon,  in  becoming  carbonic  acid.  Hence  the  deduction  follows,  that 
a  given  weight  of  hydrogen  in  forming  water  by  combustion,  unites  with  three 
times  as  much  oxygen  as  an  equal  weight  of  carbon  during  the  combustion  of 
the  latter,  and  the  formation  of  carbonic  acid.  Now,  the  isLct  has  already 
been  proved  as  a  result  of  Rumford's  mode  of  experimenting,  that  the  relative 
amount  of  absolute  heat  developed,  as  between  hydrogen  and  carbon,  is  as 
3  to  1 ;  whence  it  clearly  follows,  that  the  absolute  heating  effecte  of  carbon 
and  hydrogen  are  in  direct  proportion  to  their  combustive  capacity  of  absorb- 
ing oxygen :  a  deduction,  indeed,  first  promulgated  by  Welter,  and  which — 
though  since  his  time  it  has  imdergone  modifications — is  still  reliable. 
Berthier  expressed  the  absolute  heating  effecte  of  any  given  combustible,  in 
terms  of  the  weight  of  oxygen  consumed,  by  a  given  weight  of  the  combustible 
during  the  progress  of  ite  combustion.  This  was  practically  effected  by  heat- 
ing the  combustible  in  contact  with  oxide  of  lead.  It  follows  that,  in  pro- 
portion to  the  quantity  of  oxygen  taken  away,  so  would  be  the  weight  of  lead 
reduced  to  the  metallic  condition ;  and  this  latter  being  collected  and  weired, 
the  absolute  heating  effecte  of  the  combustible  were  expressed  £ractionallyby 
the  weight  of  oxygen  consumed,  but  directiy  in  terms  of  the  lead  reduced. 
In  this  way  he  found  that, 
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1  part  of  pure  carbon  gave     .    .    34  parts  of  lead. 

1  part  of  pare  hydrogen  gave     .  104    „      „    „ 

If  it  be  now  assumed  that  any  particular  combustible  under  examination 

should  be  in  re^tion  to  a  msiss  of  lead,  the  weight  of  which  is  m,  then  the 

ratio  between  the  absolute  heating  effect  of  the  combustible  in  question,  as  com- 

34 
pared  with  that  of  pure  carbon,  will  be  expressed  by  the  fraction  =  -,  and 

the  statement  for  this  absolute  heating  effect  expressed  in  units  of  heat  will  be 

=  78-100  .  ^  =  230.m 

Though  somewhat  complex  in  theory,  the  process  just  described  is  con- 
ducted with  facility.  The  results  are  tolerably  reliable ;  but  they  involve  a 
constant  error  of  about  ith.  Forchammer  has  somewhat  improved  this  pro- 
cess, but  the  results  still  involve  a  constant  error. 

The  chemical  reader  will  perceive  that  the  process  of  Berthier  just 
described  is  very  nearly  allied  to  the  ordinary  combustive  operations  followed 
in  organic  analysis.  If,  instead  of  oxide  of  lead,  oxide  of  copper  be  employed, 
we  have  at  once  the  preliminary  conditions  of  ultimate  organic  analysis. 
Accordingly,  this  means  of  estimating  the  absolute  heating  effect  of  fuel  has 
been  frequently  adopted, — ^the  oxygen  appropriated  by  combustion  being  cal- 
culated in  the  usual  manner  from  the  amount  of  carbonic  acid  and  water 
respectively  developed,  and  the  final  reduction  into  terms  of  absolute  heat 
being  deduced  from  the  apphcation  of  Welter's  laws,  explained  in  page  47. 

Besides  the  methods  already  indicated,  may  be  noticed  the  process  des- 
cribed by  Sheerer  in  his  Metallurgies  vol.  i.  p.  189,  founded  on  consideration  of 
the  chemical  composition  of  the  fuel.  In  addition  to  which,  processes  have  been 
devised  with  the  same  object  in  view,  by  Laplace,  Lavoisier,  Dalton,  Marcus 
Bull,  and  others. 

Specific  Heating  Effects  ef  Fuel. — ^We  have  already  explained  that  if 
ftiels  be  compared  as  regards  the  respective  thermic  effects  of  their  combus- 
tion, weight  fQr  weight,  the  respective  absolute  heating  effects  of  each  will  be« 
deduced ;  whereas  if  they  be  compared,  bulk  for  bulk,  then  we  arrive  at  the 
specific  heating  effects  of  each.  We  arrive,  therefore,  at  the  following  deduc- 
tion : — ^Knowing  the  absolute  heating  effect  of  any  combustible,  we  arrive  at 
the  knowledge  of  its  specific  heating  effect  by  multiplying  the  numerical  ex- 
ponent of  the  former  by  the  number  expressing  the  specific  gravity  of  the 
combustible. 

Such,  then,  are  the  indications  of  theory  and  the  results  of  laboratory 
operations  thereupon  founded.  The  practical  smelter  need  not  be  told  that 
not  even  a  near  approach  to  the  figures  arrived  at  is  possible  on  the  large 
scale.  Such  accordance  between  theory  and  practice  could  only  result  if  the 
total  amount  of  heat  generated  by  the  combustion  of  a  fuel  were  concentrated 
on  the  ore  submitted  to  its  agency.  This  is  an  impossible  condition ;  even 
more  heat  invariably  escapes  from  furnaces  in  the  state  of  combustible  gas 
and  as  radiant  heat,  than  the  actual  amount  of  heat  made  effective.  Much 
may  be  accomplished  in  lessening  the  divergency  between  theory  and  prac- 
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tice  by  drying  the  fuel,  as  much  as  circumstances  will  peimit ;  by  regulating 
the  amount  of  air-draught,  applying  the  hot  gaseous  products  of  fumace-com- 
bufltion  to  subsidiary  puiposes,  and  taMng  adyantage  of  other  conditions 
which,  though  they  vary  in  different  establishments  and  for  different  metal- 
Inrgic  operations,  depend  on  a  few  unvarying  scientific  principles,  and  will 
readily  suggest  themselTes  to-  an  intelligent  observer. 

Fyio«Mtsio  SffiaoU  of  IMffeMnt  Fnels. — ^The  amount  of  heat  eyolved 
by  any  given  fuel,  whether  in  relation  to  its  weight  or  its  bulk,  differs  widely 
finom  tiie  degree  of  heat  capable  of  being  yielded  by  it  in  any  one  locality. 
Varying  the  oonditions  involved  a  little  (though  not  fundamentally)  by 
assuming  a  parallel  case,  evidentiy  a  quart  of  boiling  water  contains  twice 
the  amount  of  heat  which  a  pint  of  boiling  water,  though  the  contents  of 
each  will  cause  the  thermometric  column  to  stand  at  212**  F.  Now  212*"  F.  is, 
therefore,  said  to  be  the  thermometric  heat  of  boiling  water ;  and  if  a  ther- 
mometer could  be  procured  capable  of  indicating  furnace  heats,  we  should 
anive  at  deductions  parallel  with  that  obtained  from  the  consideration  of 
boiling  water.  For  the  estimation  of  combustive  heat,  however,  special  me- 
thods must  be  had  recourse  to ;  inasmuch  as  thermometers  are  not  competent 
to  indicate  temperature  of  such  high  degree.  Th^  deductions  are  arrived  at, 
either  directiy  by  the  aid  of  instruments  (pyrometers),  or  indirectiy  by  calcu- 
lation. 

It  is  evident  that  the  principle  of  expansion  of  liquids  in  tubes  is  unadapted 
to  pyrometric  construction,  inasmuch  as  the  utmost  limit  of  the  indication 
of  such  instruments  can  only  Ml  somewhere  within  the  boiling  point  of  the 
liquid  employed.  Gaseous  and  BoHd  bodies  are,  therefore,  alone  adapted  to 
the  construction  of  pyrometers. 

Pyrometric  estimations  admit  of  division  into  three  general  classes :  (A) 
those  the  indications  of  which  are  based  upon  the  expansion  of  some  particular 
body  (pyrometer) ;  (B)  those  which  are  founded  on  a  consideration  of  the 
heat  imparted  to  water  by  a  heated  body ;  and  (C)  those  the  results  of  which 
are  deduced  from  considerations  of  the  melting  points  of  metals  and  metallic 
alloys. 

(A.)  Fyzometen.— In  the  year  1782,  Wedgwood  invented  the  pyrometer 
which  has  since  borne  his  name.  Its  agency  depends  on  the  contraction 
of  day  experienced  when  exposed  to  high  temperatures.  A  cylinder  of  day  of 
some  definite  size  when  cold,  which  shrinks  before  heating  to  a  known  extent 
between  two  converging  sides  of  a  wedge-sHaped  cavity,  sinks  lower  down  in 
the  same  cavity  after  having  been  heated ;  and  Wedgwood  assumed  that  the 
amount  of  contraction  of  the  clay  would  be  always  proportionate  to  the  degree 
of  heat  to  which  it  might  have  been  exposed.  This,  however,  is  a  fedse 
assomption :  along-continued  and  moderated  Meat  is  foimd,  in  practice,  to  cause 
an  equal  amount  of  contraction,  or  shrinking,  with  a  more  violent  degree  of 
heat  during  a  shorter  period ;  hence  it  follows  that  the  indications  of  tins  in- 
Btmment  are  all  but  worthless. 

DanieU,  Guyton  Morveau,  Neumann,  Peterson,  and  Gibbon,  and  some 
others,  have  devised  each  respectivdy  a  pyrometer,  the  general  prindples 


UtCFUL  METALS. 


Digiti 


ized  by  Google 


50 


THE   AIR  FTBOHETEB. 


of  which  are  alike,  being  dependent  on  the  expansion  of  a  platinum  bar. 
Daniell's  instniment  is  the  most  perfect  of  these,  and  its  indications  most 
to  be  relied  upon:  however,  ite  use  is  attended  with  inoonvoiienee,  and 
it  has  no  pretensions  to  the  accuracy  of  a  thermometer.  In  the  construction 
of  this  instrument  the  scale-point  is  retained  separate  from  the  expansiye  pla- 
tinum bar,  which  latter  is  alone  exposed  to  heat  It  is  a  very  inconTenient 
circumstance  attending  the  employment  of  this  instrument  that  no  indications 
of  temperature  can  be  gained  by  it  whilst  it  remains  in  the  furnace.  The  fire 
must  be  first  extinguished,  and  the  platinum  bar  withdrawn.  MoreoTer,  the 
arrangement  by  which  the  expansion  of  the  bar  is  worked  upon  in  the  fur- 
nace is  somewhat  imperfect,  and  begets  error. 

The  air  pyrometer  was  first  devised  by  Schmidt,  in  1804,  and  subse- 
quently perfected  by  Petersen  and  PouiUet.  It  is  only  a  modification  of  the 
following  lecture  demonstration  of  the  expansLbilily  of  air  and  other  gases  by 
heat. 

Let  a  glass  tube  be  closed  at  one  end,  and  blown  into  a  bulb,  the  other 
end  remaining  open.  Let  now  the  whole  of  the  tube  and  a  portion  of  the 
bulb  be  charged  with  fluid  (water  or  mercury).  This  being  done,  let  the 
orifice  of  the  tube  be  immersed  in  a  vessel  of  water.  Assuming  that  these 
instructions  have  been  strictiy  followed,  the  level  of  the  fluid  in  the  tube 
will  continue  to  sink  until  all  the  fluid  has  at  length  been  driven  out  of  tiie 
tube,  if  the  bulbular  portion  of  the  apparatus  be  heated.  This  result  obviously 
depends  on  the  expansion  of  the  air  contained  within  the  bulb ;  and  by  noting 
the  amount  of  expansion,  as  exj^ressed  by  the  descent  of  the  fluid  level,  we 
arrive  at  thermoscopic  indications.  The  material  glass  is  obviously  unadapted 
for  resisting  high  degrees  of  heat;  but  if  the  bulbular,  and  a  portion  of  the 
tubular  part  of  the  apparatus  be  made  of  platinum,  there  should  result  a 
modified  instrument,  capable  of  measuring  any  temperature  which  the 
metal  platinum  is  able  to  resist  without  fusion.  The  common  air  ther- 
mometer thus  modified  becomes  the  pyrometer  of  Schmidt,  Pet^sen,  and 
Pouillet 

The  final  indications  of  this  kind  of  pyrometer  will  of  course  be  arrived  at 
by  cmisidering  the  laws  of  gaseous  expansion  and  the  agency  of  heat  Ac- 
cording to  the  researches  of  M.  Regnault,  the  amount  of  expansion  of  atmo- 
spheric air  heated  from  32*'  F.  to  212**  F.  is  *866&  or  '8670  on  its  original 


bulk  at  Z2?  F.,  being  JJths  for  each  degree  of  the  Centigrade  scale,  or 
for  a  degree  of  Fahrenheit 


49118 


(B.)  Pyrometers  founded  on  eonsideratume  of  the  Heat  imparted  to  Water 
by  a  heated  body. 

This  principle  of  pyrometric  measurement  was  first  adopted  by  Clement, 
Desormes,  and  Schwartz.  It  has  been  subsequently  improved  upon  by 
"Wilson. 
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The  method  of  Schwartz  is  based  upon  a  consideration  of  the  formula  : 

*-  pip,  +< 

in  which  x  being  the  temperature  sought,  Q  is  the  weight  of  water,  the  tem- 
perature of  which  is  t'  previous  to  the  immersion  of  a  heated  body,  P  th« 
weight  of  metal,  $  its  specific  heat,  and  t  the  temperature  of  water  after  the 
immersion  of  the  heated  body.  Such  is  the  principle  on  which  the  heat  esti- 
mation by  the  foregoing  process  is  deduced.  To  expatiate  on  it  further  would 
lead  us  too  &r  from  the  immediate  objects  of  this  introduction. 

Beat  Sffecta  Beduced  without  Xnstnunenta. — This  method  has  been 
elaborately  explained  by  Scheerer  in  his  treatise  on  Metallurgy.  Brendel, 
Reich,  Winkler,  and  Merbach  have  also  examined  its  conditions  during 
investigations  in  which  they  were  concerned,  to  determine  the  heating  power 
of  fuel,  with  especial  reference  to  the  economic  application  of  heated  air  and 
steam. 

The  process  admits  of  being  generally  stated  as  consisting  in  the  applica- 
tion of  formulie  representing  the  absolute  heating  effects,  the  relative  weight, 
and  specific  heat  of  the  products  of  combustion  evolved  from  the  fuel  imder 
examination.  The  following  case  will  serve  as  an  example  of  the  nature  of 
the  process,  and  its  application  to  the  combustibles  carbon,  hydrogen,  and 
carburetted  hydrogen.  Equal  weights  of  the  three  respectively  are  of  course 
marked. 

Ceattiprade. 
Carbon  burned  in  oxygen  to  form  carbonic  acid,  yields  heat  r=  9873** 
Do.       burned  in  air  „  ,,  „  =2458 

Carbon  burned  in  air,  and  forming  carbonic  acid      „  =1310 

Carbonic  oxide  gas  burned  in  air  '  „  =  2121 

Do.  do.  burned  in  oxygen  „  =5316 

Light  carburetted  hydrogen  burned  in  air  „  =  2290 

Do.  do.  burned  in  oxygen  „  =  6308 

defiant  gas  burned  in  air  ,,  =  1935 

Do.  burned  in  oxygen  „  =4766 

Hydrogen  burned  in  air  „  =  2O8O 

Do.  burned  in  oxygen  „  =  4073 

From  a  consideration  of  which  numerical  exponents  it  is  evident  tliat  the 
combustibles  under  consideration  evolve,  during  combustion,  an  amoimt  of 
pyrometdo  heat,  or  furnace-heating  power,  in  direct  proportion  to  the  carbon 
which  they  contain ;  whilst  the  total  or  absolute  heating  effects  are  propor- 
tionate directly  to  the  quantity  of  hydrogen :  the  latter  condition  is  referable 
to  the  circumstance,  that  the  water  resulting  from  hydrogenous  combustion 
absorbs,  and  renders  latent,  nearly  four  times  as  much  heat  as  the  carbonic 
acid  resulting  from  the  burning  of  carbonaceous  materials. 

Tabulating  tiie  results  of  Scheerer's  experiments,  we  arriye  at  the  follow- 
ing expositions  by  weight  and  by  measure : — 
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ESTIMATED  FYBOMETRIO  EFFECTS. 


L— By  Weight. 


One  part  by  Weight  of  each 

of  the  following  requires 

for  Combustion. 


Parts  by- 
Weight 
of  Oxygen. 


Carbonic 
oxide. 


Carbon 2*67 

Carbon 1-33 

Carbonic  oxide      .     .     .     .  0-57 

Light  carbnretted  hjdrogen  3*43 

Olefiantgas 400 

Hydrogen     ...,-.  8*30 


Carbonic 
acid. 

8-67 


1-67 
314 
2-75 


Water. 


1-22 
225 

9-00 


One  part  by  Measure  (yolumc)  of 
eacA  of  tne  following  requires 
for  Combustion. 

Carbonic  oxide 

Hydrogen 

light  carbnretted  hydrogen    . 
defiant  gas 


Carbonic  acid.       Water. 


Such,  then,  is  the  exposition  of  Scheerer*s  ingenious  process.  The  theoiy 
on  which  it  is  based  is  unimpeachable ;  and  though  its  results  are  those  of 
maximum  effects,  practice,  nevertlieless,  can  closely  approach  them  under 
favourable  drcumstances, 

(C.)  Pyrometrie  estimations  deduced  from  a  consideration  of  the  Melting 
Point  of  Metals  and  Metallic  Alloys, 

The  first  proposition  to  estimate  the  degree  of  furnace  heat  by  this  means 
originated  with  James  Prinsep  in  1827;  more  recently  it  has  been  canied 
into  execution  by  Flattner.  The  following  considerations  will,  it  is  presumed, 
render  CTident  the  nature  of  the  process.  By  taking  the  mean  of  various 
observations,  the  melting  point  of  different  metals  has  been  determined  with 
tolerable  accuracy ;  and  the  determinations  have  been  tabulated.  Now,  it  is 
possible  by  effecting  various  combinations  of  metals  with  each  other  (alloys), 
to  generate  compoimds  corresponding  to  each  degree  of  furnace  heat  compre- 
hended within  wide  limits.  If,  therefore,  specimens  of  various  alloys, — ^the 
melting  point  of  each  determined, — ^be  deposited  in  a  furnace  on  an  infusible 
tile,  the  amount  of  furnace  heat  may  be  determined  by  examining  the  tile, 
and  ascertaining  which  alloy,  highest  in  the  scale  of  fusibility,  has  under- 
gone fusion.  Such  is  the  theory  of  the  process, — ^it  only  remains,  therefore, 
to  explain  in  what  manner  the  composition  of  an  alloy  fdr  any  desired 
amount  of  heat  may  be  made.  The  annexed  formula  conveys  the  required 
information : — 

a?  =  A#  +  B*' 

whence  Sb  represents  the  temperature  of  fusion  of  the  alloy  to  be  compounded ; 
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every  part  by  weight  of  which  must  contain  A  parts  of  some  metal  fusible  at 
i  degrees,  and  B  parts  of  another  metal  fusible  at  s'  degrees  of  heat. 

Yiolette  adopted  a  modification  of  the  foregoing  process  in  conducting  his 
inquiries  relative  to  the  charring  of  wood  at  various  temperatures.  In  these 
experiments  he  determined  the  various  temperatures  up  to  600°  F.  by  a 
mercurial  thermometer ;  above  that  point  he  used  slips  of  different  metals, 
antimony,  copper,  silver,  steel,  iron  and  platinum,  the  last  of  which  he  suc- 
ceeded in  melting  in  a  furnace,  the  combustive  force  of  which  had  been  raised 
by  great  care  to  a  higher  grade  than  can  exer  be  expected  to  occur  in  the 
general  way.  In  connection  witii  this  subject,  we  insert  a  table  of  the  fusi- 
hihty  of  metals. 

FUBIBILITT  OF  METALS. 


Guytonlforreau 

Wedgwood  & 

("  Ami.  Chlm.," 

Dalton"N. 

DuiielL 

Schwarts. 

Rndberg. 

90,286). 

Syst.,"  1,  64). 

Cent. 

Wedffw. 

Cent. 

Wedgw. 

Cent. 

Dan. 

Cent. 

Cent. 

Bismuth   .    .    ,    . 

•247- 

247 

239 

66 

260 

264 

Tin 

267 

246 

227 

63 

220 

228 

Lead 

312 

322 

321 

87 

840 

326 

Zinc 

374 

3 

371 

342 

94 

600 

Antimony      .    .    . 
Brass 

613 

7 

432 

1021 

267 

620 
PouUlet 

Prinaep 

Silver 

1034 

22 

28 

1223 

319 

1000 

999 

&':  :  :  :  : 

1207 
1381 

27 
82 

27 
32 

1398 
1421 

364 
370 

1200 

Cobalt 

White  Cast  Iron     . 

—   - 

130 

1100 

Gray        do. 

Steel 

4783 

130 

1916 

497 

1210- 

1360 

Manganese    .    .    . 
Bar  Iron    .... 

6825 
6346 

160 
176 

160 

1660 

Nickel,  Platinum, ) 
Iridium,  Rhodium  ) 

above 

176 

Slectilaa  TjTOMKimUn. — ^The  chemist  and  electrician  are  well  aware  of 
the  fiict,  that  electricity  can  be  set  in  motion  by  heat ;  and  that  the  amount 
of  electricity  developed,  as  estimated  by  the  galvanometer,  is  proportionate  to 
the  amount  of  heat  applied.  Founded  on  an  appreciation  of  this  principle, 
has  been  devised  by  NobiH  the  most  delicate  of  all  existing  measurers  of 
temperatures  within  the  range  of  thermometric  degrees.  Steinhil  and  Pouillet 
have  taken  advantage  of  the  principle  of  this  instrument  to  determine  elevated 
furnace  heat,  but  with  indifferent  success. 

Perhaps,  under  the  general  denomination  of  "  pyrometers,"  may  here 
witii  propriety  be  included  certain  instruments,  which  have  been  brought 
into  requisition  for  estimating  the  degree  of  heat  and  hot  blasts.  Occa- 
sionally,  highly-graduated  mercurial  thermometers  have  been  employed  to 
this  end;  but  more  frequently  instruments  constructed  on  the  principle  of 
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the  thermometer  of  Breguet,  the  deBCiiption  of  which  we  therefore  append. 
Breguet'B  metallic  thermometer  is  based  upon  a  common  class-room  experi- 
ment of  the  following  kind : — ^If  two  thin  strips  or  bars  be  taken  of  different 
metals,  the  expansion  of  which  is  unequal,  as,  for  example,  a  slip  of  iron  and 
a  slip  of  brass,  each  about  i^th  of  an  inch  thick,  2  inches  wide,  and  15  inches 
long;  and  if  these  two  slips  be  firmly  rivetted  together,  a  compound  slip 

results,  as  represented  in  Fig.  ^       .    ■ ^^ 

12.    When  a  slip  of  this  kind  '      '      "  "      '  aga^iM^M^  O' 

is  subjected  to  ordinary  atmo-  ^  Fiff*  13. 

spheric  temperatures,  it  remains*  straight;  but  if  it  be  heated,  the  different 
expansiveness  of  iron  and  brass  causes  it  to  bend  into  a  curve,  as  shown  in 
Fig.  13,  the  convex  side  of  the  com- 
pound slip  being,  in  all  cases,  that 

where  is  situated  the  metal  of  highest  ^^^  ^^^^  ;; 

expansiveness  (in  this  case  brass). 

The  principle  on  which  Breguet's 
thermometer  is  founded  will  now  be 
readily  apparent  It  consists  of  a  slip 
of  silver  and  one  of  platinum  united  Fig.  is. 

face  to  face  with  solder,  and  coiled  into  a  vertical  spiral,  the  lower  end  of 
which  is  fixed,  whilst  to  the  upper  end  is  attached  an  index  or  needle, 
moving  over  a  graduated  plate.  It  is  evident  that  heat  will  cause  this  helix 
to  expand,  and  the  needle  to  change  proportionately  to  the  expansion. 
M.  Breguet  determined,  by  experiment,  that  the  several  amounts  of  this 
expansion  for  each  part  of  the  scale  are  comparable  amongst  themselves,  and 
that  his  instruments,  within  the  limits  between 
the  freezing  and  the  boDing  point  of  water,  are 
reliable. 

Although  in  the  foregoing  description  we  have 
assumed,  for  the  sake  of  simplifying  the  matter, 
that  the  bar  is  merely  compounded  of  two  metals, 
platinum  and  silver,  M.  Breguet  actually  makes 
the  spiral  of  his  thermometer  of  three ;  accord- 
ingly the  instrument  is  now  made  by  interposing 
between  the  platinum  and  silver,  a  metal  of  mean 
dilatabiliiy — of  pure  gold,  for  example.  So  great 
is  the  sensibility  of  this  instrument,  that  when 
inclosed  in  an  air-pump  receiver,  and  the  air 
withdrawn,  it  indicates  a  reduction  of  tempera- 
ture from  66*  F.  to  25^*  F  (=  44^*  F.),  whilst  a  sensitive  mercurial  thermometer 
fell  only  3-6''  F.  The  appended  woodcut  is  a  representation  of  one  of  Breguet's 
thermometers. 


Fig.  14. 
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CHAPTER  IV. 

SFBCIAL  OHAIUOTBBISTICS  OF  THX  METALS — THEIB  SOURCES  AMD  DISTBIBimOM, 
THJUB  0HSMI8TBT,  QUAUTATIVB  AND  QTJAMTITATITB — ASSATIMO. 


In  addition  to  the  systematic  teachings  of  philosophy,  each  subject  of  philo- 
sophic inquiry  has  broad  features  and  salient  points  of  its  own,  which  impress 
themselves  on  our  observation  at  once,  and  often  remain  fixed  in  the  memory 
when  systems  are  forgotten.  It  shall  be  our  endeavour  to  present  the  reader 
with  a  cnisory  glance  at  these,  and  thus  c<mclude  our  introduction. 

Ivoa. — ^Many  of  the  "  points"  of  this  useful  metal  have  already  been  deter- 
mined in  a  coilB^»ral  way,  while  others  are  reserved  for  special  consideration, 
BO  that  our  present  remarks  will  be  few.  In  a  metallurgic  sense,  the  mineral 
Bourcee  oi  iron,  as  we  Jiave  already  indicated,  are  very  extensive.  Iron 
occurs  in  a  native  state,  though  not  in  quantities  sufficient  to  be  of  value  to 
metalluzgy.  Native  iron  is  chiefly,  if  not  altogether,  of  meteoric  origin, 
and  it  has  the  peculiarity  of  contaioing  nickel. 

talybwrets  ok  8 vlphidoa  ef  Ison. — ^Iron  is  found  combined  with  sulphur 
in  several  proportions,  sometimes  alone,  at  other  times  combined  with  other 
bodies.  Of  the  former  there  are  two  sulphurets,  the  one  known  as  magnetic 
pyrites,  the  latter  as  common  iron  pyrites,  being,  in  chemical  language,  a 
l^snlphuret  or  bisulphide  of  iron.  There  are  also  arsenical  iron  pyrites, 
toio  copper  pyrites,  and  the  mineral  purple  copper,  which  is  a  compound 
of  sulphur,  copper,  and  iron.  The  minerals  Weis9gilHgers  and  Oratigiltifferz 
are  components  of  sulphurets  of  copper,  iron,  and  zinc.  "When  arsenic  is 
combined  with  the  preceding,  the  mineral  result  is  termed  gray  copper.  Of 
aimilar  qualitative  composition,  also,  is  the  mineral  called  '*  Tmnantite;"  and 
the  combination  of  sulphurets  of  antimony,  of  copper,  of  arsenic,  and  of  silver, 
IB  known  as  copper-blende. 

For  smelting  purposes  the  sulphurets  of  iron  are  useless,  sulphur  being  a 
material  very  pr^udidal  to  the  quality  of  iron,  and  arsenic  more  prejudicial 
BtilL  Smelting  processes  cannot  well  eliminate  the  two  noxious  agents ;  or, 
at  least,  other  ores  of  iron  are  so  numerous,  and  so  much  more  readily  worked, 
that  the  working  of  iron  pyrites  will  not  pay. 

Oxjgen  Oompooads  ef  Iron. — ^Mineralogically  considered,  these  are 
very  numerous,  and  constitute  the  chief  source  of  iron.  There  are  two  oxides  of 
iron  known  to  chemists,  the  protoxide  and  the  peroxide,  or  sesquioxide :  both 
of  these  occur  as  ores  in  nature.  The  mineral  known  as  tpeoular  iron  is  pure 
sesquioxide ;  it  constitutes  the  celebrated  iron  ore  of  Elba.  This  mineral, 
when  hydrated,  is  also  called  red  iron-stone  and  bloodstone^  or  hiematites  (red 
and  brown).  The  minerals  known  by  the  names  of  brown-iron  ore  and  bog- 
hram  ore  an  composed  respectively  of  sesquioxide  of  iron  and  water;  in 
ehemical  language,  "  hydrated  sesquioxide  of  iron."    Bog-iron  ore,  however. 
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differs  from  the  first  in  containing  a  portion  of  silicic  and  phosphoric  acid. 
Clay  iron-stone  consists  of  iron  mixed  with  a  large  amount  of  extraneous 
matters.  The  mineral  termed  chromate  of  iron  is  a  compound  of  oxide  of 
iron,  and  oxide  of  chrome,  together  with  alumina  and  magnesia.  The  mineral 
termed  Franklinite  or  dodecahedral  iron  ore  is  a  mixture  of  sesquioxide  of 
iron,  oxide  of  zinc,  and  protoxide  of  manganese.  Antomolite  is  a  mixture  <^ 
protoxide  of  iron  and  oxide  of  zinc,  together  with  alumina,  zinc,  magnesia, 
and  silica.  Menaccanite,  Titaniferous  iron,  Crichtonite,  Nigrine,  Iserine, 
nmenite,  and  a  few  other  minerals,  are  combinations  of  protoxide  with  titanic 
acid.  Wolfram  is  a  compound  of  tungstate  of  protoxide  of  iron  with  tungstate 
of  manganese.  Skorodite  is  a  compound  of  peroxide  of  iron  with  arsenic  add 
and  water;  besides  which  there  are  two  arseniates  of  protoxide  of  iron  (cubic 
iron  and  pitchy  iron  ore).  The  mineral  known  as  spathose  iron  is  a  car* 
bonate  of  protoxide  of  iron,  often  mixed  with  carbonate  of  protoxide  of  man- 
ganese; also  lime,  water,  and  magnesia.  Besides  the  minerals  already 
indicated,  iron  also  occurs  in  several  states  of  combination  with  phosphoric 
and  silicic  acids ;  also  in  union  with  soda,  lime,  alumina,  manganese,  mag- 
nesia, nickel,  cobalt,  cerium,  yttria,  and  other  bodies.  Iron  is,  therefore,  one 
of  the  most  extensively  diffused  of  all  metals. 

Chemical  Cluuracteiristics  of  Iron.— Perhaps  no  metal  can  be  so  readily 
made  evident  by  the  operation  of  chemical  tests  as  iron.  Whether  the 
testing  process  be  conducted  in  the  moist  or  dry  way,  the  proofs  are  un- 
failing ;  though  the  former,  we  think,  yields  the  surest  indications.  There 
are  two  oxides  of  iron,  protoxide  and  peroxide  (or  sesquioxide),  capable  of 
uniting  with  acids,  and  forming  salts — ^protosalts  and  persaUs  (otherwise 
called  sesquisalts)  respectively.  The  characteristic  tint  of  the  persalts  is  red  or 
brown,  and  the  protosalts  green ;  or  else  the  latter  are  colourless.  It  is  difficult 
to  get  a  pure  protosalt  of  iron,  so  great  is  the  tendency  of  this  class  of  salts 
for  oxygen.  Usually,  when  iron  is  dissolved  in  sulphuric  or  hydrochloric 
acid  for  the  purpose  of  subsequent  testing  or  separation,  the  solution  is  a 
mixture  of  protosalt  and  persalt.  The  chemist  always  converts  the  whole 
into  the  state  of  percombination,  by  mixing  it  with  a  littie  nitric  acid,  and 
boiling.  Practically,  therefore,  we  have  only  to  consider  the  tests  and  pre- 
cipitants  for  peroxide  of  iron  in  combination,  inasmuch  as  the  state  of 
peroxide,  or  peroxide  combination,  is  that  iii  which  iron  is  always  estimated 
in  the  moist  way. 

Tests  of  the  presence  of  Sesquioxide  of  Iron  in  Solution. 

Two  of  the  tests  of  the  presence  of  this  substance  are  of  especial  import- 
ance :  tincture  or  infusion  of  galls — ^a  gallic  acid  which  strikes  a  black  colour 
(ink) ;  and  ferrocyanide  of  potassium,  which  yields  a  characteristic  P^cussiaa 
blue.    These  tests  are  so  distinctive,  that  all  others  may  be  omitted. 

Precipitants  of  Oxide  of  Iron. 

Whenever  the  conditions  of  analysis  permit,  peroxide  of  iron  is  thrown 
down  by  ammonia  heated  to  redness,  taking  care  that  no  organic  matter  is 
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in  contact  with  it,  and  weighed :  every  80  parts  by  weight  correspond  with 
56  parts  by  weight  of  metallic  iron.  Peroxide  of  iron  and  alumina,  when 
they  exist  together  in  solution,  are  generally  precipitated  together  by  ammo- 
]iia,  the  alumina  being  subsequently  dissolved  out  by  caustic  potash.  Occa- 
sionally, peroxide  of  iron  does  not  admit  of  being  thrown  down  by  ammonia; 
in  which  case,  succinic  or  benzoic  add  is  employed,  and  the  metal  thrown 
down  in  the  condition  of  succinate  or  benzoate  of  the  peroxide. 

Determination  of  the  presence  of  Iron  qualitatively  by  the  Blowpipe, 

One  remark  applies  to  blowpipe  metallic  indications:  either  the  metals 
are  reduced  to  the  metallic  form,  and  thus  rendered  evident,  or  the  metals, 
and  their  volatile  combinations,  are  thrown  off  in  a  characteristic  vapour ; 
or,  finally,  their  combinations  yield  characteristic  tests  with  fluxes.  The 
blowpipe  indications  yielded  by  iron  are  of  the  latter  kind.  We  have  already 
remarked  that  there  must  be  two  oxides  of  iron,  the  protoxide  and  the  sesqui- 
oxide  or  peroxide,  both  capable  of  uniting  with  acids ;  there  is  also  another, 
the  black  oxide  :  all  three  are  concerned  in  affording  indications  of  the 
presence  of  iron  under  blowpipe  analysis.  The  blowpipe  flame  consists  of 
two  parts,  each  having  a  different  function :  the  cone  A  (Fig.  15)  is  called  the 
reducing  flame,  seeing  that,  by  virtue  of 
hydrogenous  and  carbonaceous  matter 
not  yet  consumed,  it  elimates  oxygen ; 
B,  on  the  other  hand,  is  the  oxidizing 
flame,  seeing  that  it  imparts  oxygen 
to  bodies  under  treatment.     Minute 

portions  of  iron  mineral,  if  mixed  with  flux,  taken  up  in  a  platinum  loop, 
and  heated  in  the  reducing  flame,  yield  a  glass,  the  colour  of  which  is 
either  bottle-green  or  copperas-green,  according  as  protoxide  or  black  oxide 
of  iron  is  present;  if  held,  on  the  contrary,  in  the  oxidizing  flame,  the 
resulting  glass  will  be  red.  By  alternating  the  two  flame  cones,  the  change 
from  green  to  red  and  red  to  green  may  be  repeated  indefinitely.  A  small 
particle  of  tin  mixed  with  borax  and  peroxide  much  facilitates  the  reduction ; 
but  in  this,  and  every  other  case  involving  the  similar  employment  of  metals, 
either  a  platinum  loop  should  not  be  used,  or  the  metal  should  not  be  allowed 
to  come  in  contact  with  it.  This  latter  condition  is  not  difficult,  if  moderate 
care  be  exercised;  it  can  easily  be  retained  in  the  flux  comprised  in  the 
platinum  loop,  without  touching  the  platinum.  Perhaps  it  is  scarcely  neces- 
sary to  observe,  that  platinum,  though  alone  a  very  infusible  metal,  readily 
fuses  when  heated  in  contact  with  tin,  lead,  zinc,  Ac.  K  the  borax  exhibits 
a  blue  instead  of  a  green  tint,  the  presence  of  cobalt  is  indicated ;  if  violet, 
passing  to  red,  manganese ;  if  dark  violet,  changing  to  green  when  hot  in  the 
reducing  flame,  blue  when  cold — ^both  cobalt  and  manganese  are  indicated. 

Furnace  estimation  of  Iron  on  the  small  scale— The  Iron  Assay, 
Although  the  estimation  of  iron  by  the  moist  process  is  the  more  accurate 
process,  yet  the  direct  extraction  of  iron  from  an  ore  containing  it  by  process 
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of  fumaoe  or  crucible  agency  is  perhaps  the  more  generally  eligible,  as 
affording  dearer  information  respecting  the  actual  quantity  of  iron  obtainable 
on  the  large  scale. 

Assayiag  Fiunaoes. — ^The  high  temperature  at  which  the  fusion  of  iron 
ensues,  requires  that  furnaces  employed  in  conducting  the  assay  of  this  metal 
should  yield  almost  the  strongest  of  which  furnaces  are  capable,  and  that  the 
crucibles  employed  should  be  of  the  most  refractory  materials.  In  Sweden, 
the  furnace  employed  is  known  as  Sefistrdm  s  furnace*  the  characteristics  of 
which  will  be  presentiy  described ;  but  a  blast-fuxnace  of  good  construction 
answers  perfecUy  well. 

The  very  ingenious  fonn  of  blast-furnace  known  as  Sefistrom's,  consistB 
of  an  external  cylinder  of  iron  plate,  about  fifteen  inches  in  diameter,  and  an 
internal  cylinder  of  the  same  kind  of  material,  separated  from  the  preceding 
by  an  air-space  of  about  the  thickness  of  an  inch.  The  connection  of  the 
two  cylinders  is  established  with  each  other  by  means  of  a  rim  of  sheet- 
iron  corresponding  with  the  width  of  the  air-chamber,  and  joining  the  two. 
Both  external  and  internal  cylinders  have  bottoms  of  sheet-iron  plate,  and  the 
furnace  is  completed  (all  except  the  apertures  in  it,  and  which  constitute  its 
main  peculiarity)  by  a  lining  of  fine  clay.  The  functional  peculiarily  of  the 
Se&trom  fiimace  is  this : — Ordinary  wind-furnaces  receiye  their  blast  through 
one  aperture,  and  deliver  the  same  in  one  blast  on  the  entrance;  but  the 
Se&trom  furnace,  though  receiving  its  current  of  air  by  one  blast  passing 
into  the  air-chamber,  circumscribed  by  the  concentric  cylinders,  delivers  the 
same  au:  to  the  fuel  by  many  blasts,  each  determined  by  a  perforation 
through  the  internal  cylinder  and  lining  clay.    ^ 

The  accompanying  diagram  (Fig   16)  represents  the  external  cylinder 
^.  _  ^ ^  ^  of  a  Sefstrom  furnace  removed,  its  original 

y''  "*"«^^      situation   being  indicated   by   dots,  and 

^\   Fig.  17  shows  tiie  arrangement  of  this  con- 

A   venient   littie 

''    [   furnace  when 

I'   in  use.   Char- 
coal broken  to 
the    size     of 
i   hazel-nuts    is 
I   the   fuel  em- 
y  ployed  in  Swe- 
den; but  amix- 
tur^   of  small 


Hg.16. 


Fig.  17. 

coke  and  charcoal  may  be  used  instead. 
"Whatever  the  kind  of  furnace  employed,  the  crucible  steps  of  the  operation 
are  as  follow : — ^Having  selected  a  crucible  of  proper  dimensions,  it  must  be 
lined  with  a  coating  of  coarsely-i>owdered  charcoal.  This  is  done  by  moist- 
ening the  charcoal,  and  ramming  it  into  the  crucible  with  a  wooden  pesUe,  in 
such  manner  that  the  pestie  serves  as  a  mould  to  form  a  cavity.  The  ram- 
ming process  must  not  be  accomplished  at  once,  but  by  successive  stages,  and 
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Fig.  18. 


the  eayily  must  be  acciuratelj  smoothed  before  the  operatiou  of  lining  is  com- 
plete. The  charcoal  lining  should  be  not  less  than  half  an  inch  thick  at  the 
thickest  part,  and  the  moulding  should  be  so  conducted  that  the  resulting 
cayity  may  have  the  figure  here  represented,  the  small  chamber-like  contrao- 
tian  being  the  locality  where  the  ore  to  be  assayed  is  deposited. 

Any  kind  of  fiimace,  even  a  common  smith's  forge,  may  be  used  for  assay- 
ing. Those  fires  which  are  supplied  with  Porter's  patent  tuyere  are  the  best. 
This  tuyere  is  represented  in  the  ac- 
companying engraving  (Fig.  18) ;  it 
has  a  conic  yalve,  which  is  moYeable 
from  below  by  a  lever,  causing  the 
tuyere  to  pass  more  or  less  blast,  by 
diminifthlTig  or  increasing  its  opening.  Over  this  tuyere,  or  indeed  any  other, 
a  small  biick-fumace  may  be  fonned,  and  used  as  the  one  above. 

A  crucible  is  sometimes  formed  as  shown  in  Fig.  19.  It  is  of  fire-clay ; 
the  foot  is  moulded  to  it,  and  serves  as  a  stand ; 
it  is  well  baked,  and,  in  fact,  treiBited  like  any  other 
crucible.  The  pot  contains  a  lining,  consisting  of 
one  part  in  weight  of  fine  day,  and  one  of  fine 
charcoal  powder,  moistened  with  a  little  water. 
With  this  mass  the  interior  of  the  crucible  is  lined 
to  about  a  quarter  of  an  inch  thick.  A  second 
lining  is  now  formed  of  two  parts  carbon  and  one 
of  clay,  which  is  also  moistened,  the  crucible 
filled  with  it,  and  the  whole  gently  dried.  Into 
this  last  lining  a  block  of  wood  is  pressed  while 
the  mass  is  still  moist,  and  a  cavity  formed  in 
the  cone-like  shape  shown  in  the  engraving,  to  re- 
ceive the  ore  for  smelting.  The  pot  is  now  covered 
by  a  slab  of  fire-clay. 

The  ore  to  be  assayed  is  finely  powdered,  and 
to  every  100  grains  of  ore  from  12  to  26  grains  of  borax,  with  about  half  as 
much  dbalk,  and  from  8  to  10  grains  of  hydrate  of  lime  are  added.  This  flux 
is  well  mixed  with  the  ore,  and  all  finely  powdered  and  put  into  the  pot, 
covered  with  a  layer  of  charcoal-powder  about  a  quarter  of  an  inch  thick,  and 
the  clay  slab  luted  firmly  to  the  crucible,  which  is  placed  in  the  furnace. 

The  perfect  fusion  of  iron  requires,  under  the  best  of  conditions,  so  great 
an  amount  of  heat,  that  it  becomes  a  matter  of  great  consequence  to  select  for 
each  particular  sample  of  iron  ore,  the  most  appropriate  flux. 

To  fulfil  this  condition  with  certainty  and  at  once,  a  preliminaiy  chemical 
analysis,  by  the  moist  way,  of  each  particular  ore,  would  be  necessary ;  but 
the  process  of  assaying  is  adopted,  for  the  most  part,  to  avoid  the  care  and 
trouble, — ^the  necessity  of  chemical  apparatus,  and  chemical  knowledge,  in 
eases  only  requiring  approximative  results;  hence,  to  make  an  elaborate 
chemical  analysis  precede  by  necessity  the  process  of  assay,  would  be  to 
deprive  the  latter  of  its  greatest  claim  to  preference.    I  shall,  therefore,  state 
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the  general  principles  to  be  remembered  in  the  fluxing  of  partieular  samples 
of  iron  ore,  and  point  out  in  what  manner  they  may  be  rendered  avaiLable, 
under  the  guidance  of  tact,  and  chemical  judgment  as  distinguished  from 
chemical  demonstration.  The  main  object  of  fluxes  in  all  operations  invply- 
ing  their  use,  is  the  formation  of  easily  fusible  slags.  Now,  practice  has 
determined  that  the  most  fusible  iron  ores  are  those  in  which  the  carbonates 
of  earths  (of  lime  and  magnesia)  taken  as  one  class,  and  the  clayey  and 
silicious  matters  taken  as  another  class,  are  in  the  ratio  of  two  to  three.  The 
point  to  determine,  then,  is,  the  amount  of  deviation  from  this  ratio  in  any 
particular  ore  under  consideration.  When  known,  the  clayey  or  argillaceous 
defect  can  be  made  up  by  China  clay ;  and  the  defect  of  carbonates .  of 
earths  by  chalk.  Without  having  recourse  to  quantitative  analysis,  a 
tolerably  correct  judgment  may  be  acquired  by  treating  a  portion  of  the 
powdered  ore,  with  dilute  hydrochloric  (muriatic)  acid  in  a  test  tube.  If  no 
carbonates  be  present,  there  will  be  no  effervescence ;  and  the  amount  of  effer- 
vescence will  be  proportionate  to  the  amount  of  carbonate.  This  simple  ex- 
pedient will  be  usually  enough  for  all  practical  purposes. 

The  quantity  of  iron  ore,  finely  powdered,  submitted  to  assay,  must  depend 
on  the  operator's  means  of  applying  furnace  heat,  and  weighing.  If  a  Sefstrom 
furnace  be  used,  and  a  good  assaying  balance  at  hand,  twenty  grains  will  be 
ample ;  and  in  no  case  perhaps  can  the  amount  operated  on  be  raised  with 
advantage  beyond  200  grains.  Whatever  the  quantity  it  is  to  be  deposited, 
mixed  with  the  proper  amount  of  flux,  in  the  little  cavity  at  the  bottom  of  the 
charcoal  crucible,  and  the  crucible  rammed  full  of  as  much  powdered  charcoal 
as  it  will  contain,  the  crucible  cover  is  luted  with  fire-clay,  and  the  whole 
submitted  to  furnace  heat.  At  first  the  heat  should  be  gentle,  but  raised 
towards  the  end  of  the  operation,  until  brought  to  the  highest  pitch  which  the 
furnace  is  capable  of  yielding.  The  process  when  conducted  in  an  air-furnace 
usually  occupies  about  an  hour.  At  the  expiration  of  that  time,  the  h.eat  is 
allow^ed  to  subside, — the  crucible  withdrawn,— allowed  to  cool ;  and  when  cold 
enough  to  be  handled,  the  lid,  firmly  attached  to  the  crucible,  is  broken  off; 
and  the  iron,  reduced  to  a  button,  if  the  operation  has  been  successful,  removed 
and  weighed.  The  button  will  be  found  lying  underneath  a  mass  of  vitreous 
slag.  The  quality  of  the  button  of  iron  is  practically  judged  of  by  seeing 
whether  it  flattens  under  the  blow  of  a  hammer,  or  breaks.  If  the  former,  an 
approach  to  the  condition  of  wrought-iron  is  indicated,  and  the  ore  promises 
to  yield  on  the  large  scale  a  fine  qualitative  result:  if  the  latter,  an  approach 
to  cast-iron  is  manifested,  which  occurring  in  the  presence,  and  under  the 
influence  of  wood-charcoal,  offers  but  little  promise  of  a  ^e  result  when 
smelted  on  the  large  scale -with  coke. 

Zaead. — This  is  a  very  extensively  diffused  metal,  though  neither  s6 
widely  disseminated  nor  so  plentifully  as  iron. 

(a.)  SuljphureU  or  Sulphides  of  Lead. — (b.)  Oxides  and  Oxygen  Salts  o/Lead^ 

(a.)  The  principal  lead  ores,  considered  in  a  metallurgic  point  of  view,  are 
the  sulphurets  or  sulphides  of  the  metal ;  sometimes  alone,  in  others  together 
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with  various  other  metals.  The  monosulphide  of  lead,  ue,  the  compound 
of  one  equivalent  of  sulphur  and  one  of  lead,  constitutes  the  plentiful  mineral 
galena,  or  lead  glance,  characterized  hy  its  beautifdl  cubic  crystals  of  bluish- 
gray  colour.  This  is  the  most  common  and  the  most  important  ore  of  lead, 
furnishing  nearly  all  the  lead  of  commerce ;  carbonate  of  lead  yielding  the 
remaining  portion.  Galena  is  fusible  at  a  red  heat;  and  if  fased  in  a 
tube  throu^  which  a  current  of  atmospheric  air  is  maintened,  it  may  be  sub- 
limed in  a  sort  of  distillary  process.  When  heated  in  the  blowpipe  flame,  or 
even  in  the  unaided  flame  of  a  candle  or  spirit-lamp,  it  evolves  sulphur  or 
sulphurous  acid,  according  to  the  amoimt  of  air  supplied.  Jamewnite  is  a 
combination  of  sulphide  of  lead  with  antimony,  iron,  zinc,  and  copper ;  Bow- 
fumite,  of  sulphide  of  lead  with  antimony  and  copper ;  Zinhmite^  of  sulphide 
of  lead  and  tersulphide  of  antimony ;  Siberian-needle  ore,  of  sulphide  of  lead 
with  tellurium  and  nickel. 

Lead  also  is  found  united  with  chlorines,  as  chloride  of  lead,  of  which  the 
mineral  cotnnnite,  from  Vesuvius,  is  an  example,  and  in  the  form  of  boni- 
chloride  of  lead  in  the  Mendip  Hills  of  Somersetshire.  It  is  also  found  united 
with  selenium. 

(fr.)  These,  regarded  as  naturally  occurring  mineralogical  bo^es,  are 
important  bodies  to  the  metallurgist.  There  exists  native  white-lead  ore« 
carbonate  of  lead,  and  native  black-lead  ore  *,  and  earthy  carbonate  of  lead, 
which  is  carbonate  of  the  metal  mixed  with  alumina,  silica,  and  peroxide  of 
iron.  Oxide  of  lead  also  occurs  native  combined  with  sulphuric  acid  (sul- 
phate of  lead) ,  though  sparingly.  These  may  also  be  enumerated  amongst  the 
oxygen  salts  of  lead — arseniates,  phosphates,  chromates,  molybdates,  tnng- 
states,  and  vanadiates.  Lead  finally  occurs  naturally  as  sulphuret  mixed  or 
combined  with  other  sulphurets,  as  of  iron  and  cppper ;  and  in  the  metallic 
state  united  with  the  metals  silver  and  copper. 

'  Chemical  Characteristics  of  Lead :  (a.)  The  Moist  Process. — (b.)  Blowpipe 
Reaction, — {e.)  Furnace  Estimation  of  X^ead  on  the  SmaU  Scale—The  Lead 
Assay, 

{a.)  This  metal,  if  dissolved,  will  be  present  in  the  condition  of  protoxide ; 
for,  though  there  are  distinct  oxides  of  lead,  and  several  combinations  of 
those  oxides  amongst  themselves  in  the  manner  of  acid  with  base,  the  pro- 
toxide of  lead  is  the  only  one  which  unites  with  acids,  and  which  will  be 
therefore  found  in  chemical  solution.  The  chemical  indications  of  the  pre- 
sence of  lead  in  such  a  solution  may  be  thus  summarized : — 

Hydrosulphuric  add  and  hydrosulphate  of  ammonia  yield  a  black  pre- 
cipitate. 

Ferrocyanide  of  potassium,  a  white  precipitate ;  sulphuric  acid,  a  white 
precipitate  (sulphate  of  lead) — ^perhaps  the  most  insoluble  compound  in  nature 
after  sulphate  of  barytes,  from  which  it  may  at  once  be  distinguished  by  the 
action  of  hydrosulphate  of  ammonia,  which  turns  it  black. 

«  Hot  plmnbago,  the  substftnoe  usually  termed  blacklead,  and  which  contains  no 
lead. 


Digiti 


izedbyGOOgl 


62  LEAD  SALTS  UKDEB  THE   BLOWPIPE. 

If  a  piece  oi  iron,  zinc,  or  tin,  be  suspended  in  a  lead  solution,  the  lead  is 
reduced  to  the  metallic  form,  and  deposited. 

(b.)  Lead  salts  and  lead  ores  generally  afford  very  characteristie  pesalts 
under  blowpipe  treatment.  If  a  minute  portion  of  plumbiferoua  metal  be 
exposed  on  a  piece  of  charcoal  to  the  reducing  portion  of  the  blowpipe  flame, 
tiie  lead  is  speedily  converted  into  yellow  oxide,  which,  not  being  very  vola- 
tile, is  deposited  in  a  ring  almost  close  to  the  place  where  the  fragment  acted 
upon  was  rested.  This  is  a  very  charaetexistiA  blowpipe  test  of  the  presence 
of  lead. 

(c.)  Before  subjecting  an  ore  of  lead  to  assay,  it  is  necessaxy  to  determine 
whether  it  contain  sulphur  and  arsenic,  or  whether  it  be  free  from  one  or  boAli. 
Gfalena  is  the  principal  ore  belonging  to  the  former  dass,  whilst  carbonate 
of  lead  is  the  chief  representative  of  the  second. 

Nothing  is  more  easy  than  to  effect,  by  preliminary  experiment,  thedeter- 
mination  of  the  presence  of  arsenic  or  sulphur.  Both  are  volatilized  by  the 
heat  of  a  spirit-lamp,  or  the  blow-pipe  flame,  and  both  yield  characteristic 
odours — sulphur  becoming  sulphurous  add,  which  smells  like  the  fumes  of 
a  burning  brimstone-match ;  arsenic  becoming  changed  to  arsenious  add  if 
heated  alone,  or  escaping  as  volatilized  metallic  arsenic  if  heated  in  presence 
of  deoxidizing  matter,  such,  for  example,  as  charcoal.  Vaporous  arsenic  is 
known  by  its  peculiar  alliaceous  or  garlic  smeU. 

(a.)  A$9ay  of  Lead  Ores  devoid  of  Sulphur  and  Arsenic. — (b).  And  of  Lead 
Ores,  containing  Sulphur  or  Arsenic,  or  both, 

0eneral  BiriailtP, — ^Whatever  be  the  ore  of  lead  subjected  to  the  pro- 
cess of  assaying,  care  should  be  taken  that  the  furnace  heat  be  not  more  con- 
siderable  than  is  absolutely  necessary  for  effecting  the  desired  fusion ;  other- 
wise, the  result  would  be  incorrect,  because  lead  is  a  somewhat  volatile 
metal,  and  portions  of  it  would  be  dissipated. 

(a.)  This  operation  is  exceedingly  easy,  nothing  more  being  required  than 
to  mix  about  forty  or  fifty  grains  of  the  powdered  ore  with  about  one  and  a 
half  times  its  weight  of  dried  carbonate  of  soda  (washing-soda,  with  all  its 
Avater  of  crystallization  driven  off  by  heating),  and  one-tenth  of  its  weight  of 
powdered  charcoal,  and  expose  the  whole  to  a  graduated  and  moderate  fur- 
nace-heat until  the  operation  is  judged  to  be  complete. 

In  this  and  other  cases  involving  the  employment  of  carbonate  of  soda, 
the  cruible  must  be  considerably  larger  than  the  bulk  occupied  by  the  mixed 
ore  and  assay,  because  the  carbonate  tumifies  and  expands,  especially  during 
the  early  stages  of  the  operation ;  and  were  not  adequate  space  allowed,  it 
would  flow  over  the  crucible  and  spoil  the  operation. 

On  removing  the  crucible  from  the  fnmace,  it  should  be  firmly  seized  by 
a  pair  of  tongs,  and  gentiy  tapped  on  a  hard  surface,  in  ordet  that  any  little 
particles  of  lead  not  yet  aggregated  may  collect  into  one  definite  bead.  Practi- 
cally,  the  quality  of  lead  is  judged  of  by  the  colour  and  degree  of  hardness  of 
the  bead.  If  a  lead-smelter  wishes  to  impress  one  with  notions  of  extreme 
excellence  of  lead,  he  will  affirm  it  to  be  "  soft  as  butter.*' 
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If  it  be  desired  Uiai  still  more  accmate  knowledge  should  be  acqoized  of 
the  constituents  of  the  bead,  chemical  analysis,  or  at  least  a  further  process 
of  assaying,  mnst  be  had  recourse  to.  As  an  exam^e  of  the  latter  case — 
aasummg  the  bead  to  ccmtain  silver  or  gold,  or  both — ^the  two  noble  metals 
eaa  be  left,  and  their  conjoined  amount  detennined  by  the  process  of  cupella^ 
tian,  to  be  hereafter  described. 

•  {b.)  Two  distinct  processes  of  assay  are  now  followed :  the  first  consists  in 
the  employment  of  a  ftuoL  of  carbonate  of  potash  or  carbonate  of  soda  alone,  or 
the  mixture  of  carbonate  of  potash  and  charcoal,  known  as  black  flux ;  the 
seeond,  ia  subjecting  the  ore  to  the  combined  agency  of  furnace-heat,  pieces 
of  iron,  and  either  carbonate  of  aJkali,  black  flux,  or  borax.  The  first  scheme 
of  treatment  we  shall  not  further  describe,  as  its  indications  are  wholly  unre- 
liable ;  the  second  process  is  conducted  as  follows : — ^Two  earthen  crucibles 
being  selected,  their  insides  are  smeared  with  black-lead,  and  a  few  dean  nails 
are  placed  head-downwards  in  each.  The  ore  to  be  assayed  having  been  mixed 
,with  its  own  weight  of  carbonate  of  soda,  is  tightly  pressed  down  about  the 
nails ;  over  this  is  placed  a  layer  of  common  salt,  and  above  the  latter  an 
amount  of  borax,  eqiud  to  the  weight  of  the  lead  ore  to  be  acted  upon ;  the  whole 
is  placed  in  a  furnace,  and  heated  to  dull  redness  for  ten  minutes,  then  raised 
to  bright  redness  for  another  ten  minutes.  The  crucible  (open  from  the  first, 
so  that  each  stage  of  the  operation  has  been  evident)  is  moved  from  the  fire 
when  the  fusion  is  noticed  to  be  complete,  and  the  nails  are  removed  by  a  pair 
of  crucible  tongs,  taking  care  that  during  this  removal  each  nail  is  well  bathed 
in  the  fused  mixture  of  borax  and  salt  floating  above.  The  crucible  is 
finally  to  be  smartly  struck  against  a  hard  body,  to  cause  the  lead  to  aggre- 
gate into  one  button,  the  whole  allowed  to  become  cold,  and  the  button 
weighed.  This  process  is  a  modification,  by  Mr.  Mitchell,  of  one  long 
onployed  in  France. 

Copper. — ^This  metal  is  not  so  widely  diflused  in  nature  as  either  iron  or 
lead. 

Copper  is  found  in  the  uncombined  state  (native  copper),  espedaHy  in 
North  America,  where  it  occurs  in  enormous  masses ;  in  various  sulphur 
combinations,  either  alone  or  more  frequently  united  with  sulphurets  of  other 
metals,  as  iron  (purple  copper),  arsenic,  and  iron  (Tennantite) ;  with  silver; 
wih  arsenic,  iron,  silver,  and  antimony  in  copper  blendes;  with  tin  and 
iron  (tin  pyrites) ;  with  antimony,  silver,  iron,  and  zinc ;  with  antimony  and 
silver  (antimonial  gray  copper) ;  with  lead,  antimony,  and  iron  (Boumonite) ; 
with  silver,  iron,  and  arsenic  (  Gansekothigerz) ;  with  bismuth ;  with  that 
metal  in  lead,  nidcel,  and  tellurium,  constituting  Siberian-needle  ore.  Com- 
bined with  oxygen,  it  exists  alone  or  combined  with  other  metallic  oxides, 
hydrated  and  non-hydrated  as  a  mixture,  or  compound  of  oxide  and  chloride 
of  copper  (atacamite) ;  and  finally,  in  the  condition  of  various  oxysalts,  such 
as  carbonates  (azurite  and  malachite) ;  with  arsenic  acid  and  water,  phos- 
phoric add  and  water,  sulphuric  add  and  water,  chromic  add,  and  chromate 
of  lead ;  and  lastiy,  silicic  add  and  water. 

The  sulphides  and  the  dinoxides  of  copper,  and  the  carbonates  of  copper. 
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are,  however,  of  chief  importance,  regarded  as  mineralogical  sources  of  this 
yahiable  metal.  The  pxincipal  copper-yielding  districts  are  Cornwall,  Devon, 
and  the  Isle  of  Anglesea,  in  Britain ;  Australia,  Chili,  l^orth  America,  Cuba, 
Siberia,  Norway,  and  Sweden.  Wales  is  the  great  emporinm  of  copper- 
smelting,  more  than  half  the  total  amount  of  manufetctured  copper  in  the 
whole  world  being  produced  in  Wales.  The  copper  ores  there  smelted  admit 
of  division  in  the  following  categories : — 

I.  Copper  pyrites,  combined  with  iron  pyritea^the  yield  of  copper  being 
from  8  to  15  per  cent. 

n.  Similar  to  the  preceding,  but  richer,  the  yield  o(  metal  varying  from 
15  to  25  per  cent. 

m.  Copper  pyrites,  comparatively  free  from  iron  or  other  injurious  mix- 
tures, and  mingled  wi^  a  variable  amount  of  copper  oxide.  The  yield  of 
this  class  is  from  12  to  20  per  cent. 

IV.  Sulphurets  of  copper  and  oxides  of  copper,  mingled  with  quartz,  yield- 
ing from  25  to  45  per  cent. 

V.  Ores  ahnost  free  from  copper  pyrites,  but  rich  in  copper  oxide,  yielding 
from  60  to  80  per  cent,  of  metal.  Minerals  of  this  rich  class  principally  come 
from  the  Chilian  mines* 

Chemical  CharaoterUtics  of  Copper. 

Copper  ill  solution  will  exist  as  a  salt  of  the  protoxide,  and  is  easily  re- 
cognizable by  chemical  tests. 

I.  A  piece  of  dean  iron,  if  immersed  in  a  solution  of  this  kind,  becomes 
speedily  coated  if  the  solution  be  not  too  dilute  with  metallic  copper. 

n.  Ammonia  develops  a  blue  colour^— either  a  precipitate  or  a  solution, 
according  to  the  amount  of  ammonia  added. 

m.  Hydrosulphurio  add,  and  hydrosulphate  of  ammonia,  throw  down  a 
thick  precipitate. 

IV.  Ferrocyanide  of  potassium  (prussiate  of  potash)  yields  a  characteristic 
brown  predpitate,  thus  distingnishing  copper  from  every  other  metal  except 
titanium,  uranium,  and  molybdenum. 

Quantitative  Estimation  of  Copper  in  the  Moist  Way, 

Copper  is  either  estimated  (a)  in  the  metallic  state  thrown  down  by  ano- 
ther metal,  {h)  in  the  condition  of  protoxide,  or  (c)  oxysulphuret. 

(a.)  To  predpitate  copper  in  the  metallic  state,  iron  is  immersed,  vlran 
after  a  time  the  copper  is  thrown  down :  it  should  now  be  collected,  washed, 
dried,  and  weighed. 

(b.)  To  estimate  copper  as  protoxide,  it  must  have  been  previously  ascer- 
tained that  no  other  metal  is  in  solution ;  caustic  potash  being  then  added, 
and  the  whole  boiled,  the  oxide  is  then  thrown  down  in  the  anhydrous  con- 
dition. It  is  now  collected,  thoroughly  washed,  ignited  in  contact  with 
atmospheric  air,  and  weighed,  every  89*7  parts  coiresponding  with  81-7  parts 
of  copper. 

(e.)  The  precipitation  of  copper  in  the  state  of  oxysulphuret  has  a  very 
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wide  application,  being  applicable  not  merely  to  solutiona  which  contain  no 
other  metal,  but  to  solutions  in  which  any  metal,  save  iron  in  proto-state  of 
combination,  cobalt,  nickel,  mercury,  or  silver,  may  be  present.  The  process 
is  conducted  in  the  following  manner : — ^Assuming  an  acid  solution  to  have 
been  made,  an  excess  of  ammonia  is  added,  by  which  treatment  all  the  oxide 
of  copper  is  first  precipitated ;  and,  subsequently,  on  the  addition  of  more 
ammonia  dissolved;  giving  rise  to  the  usual  characteristic  blue  solution, 
the  colour  of  which,  as  will  be  seen,  is  an  essential  point  in  conducting  this 
estimation.  Solutions  of  sulphuret  of  sodium  being  poured  into  tliis  liquor 
from  a  vessel  graduated  in  equal  divisions,  if  the  estimation  is  to  be  conducted 
▼olumetricaUy,  or  from  one  the  weight  of  which,  together  with  its  contents, 
has  been  noted,  if  the  estimation  is  to  be  conducted  by  weighing, — oxysul- 
phuret  of  copper  is  at  once  precipitated.  By  taking  due  care,  the  point  may 
be  exactly  determined  at  which  the  exact  necessary  quantity  of  sulphuret  of 
sodium  has  been  added;  because  it  corresponds  with  the  total  disappearance 
of  the  blue  colour  originally  presented  by  the  solution.  The  amount  of  copper 
now  present  may  be  calculated  by  ascertaining  the  amount  of  sulphuret  of 
sodium  used.  This  point  must  have  been  previously  ascertained  for  any 
solution  of  sulphuret  of  sodium,  by  a  previous  experiment ;  that  is  to  say,  a 
known  quantity  of  copper  having  been  dissolved,  the  amount  of  solution 
necessary  to  its  conversion  into  oxysulphuret  should  be  learned  by  actual 
trial.  In  this  way,  a  test-solution  of  sulphuret  of  sodium,  of  tried  and  known 
strength,  may  be  retcdned  in  bulk,  and  will  be  found  very  useful  in  conductbig 
mineralogical  investigations  on  copper. 

The  presence  of  no  other  metal,  save  those  indicated,  will  interfere  with 
the  action  of  the  above  precipitating  agent ;  because  the  alkaline  sulphuret 
does  not  begin  to  act  untQ  all  the  copper  has  been  precipitated ;  an  occurrence 
shown,  as  we  have  seen,  by  the  discoloration  of  the  original  solution. 
Silver,  as  we  have  already  indicated,  is  one  of  the  metals  which  prevents  tlie 
correct  action  of  sulphuret  of  sodium ;  but  if  a  little  hydrochloric  acid  be 
added  to  the  original  solution,  any  silver  which  may  have  been  contained  in 
it  will  be  precipitated  in  the  state  of  chloride,  before  the  application  of  the 
copper  precipitant. 

Besides  the  foregoing  methods  of  copper  extraction,  which  are  most  gene- 
rally applicable,  and  therefore  the  most  useful  to  be  remembered,  there  are 
many  others  eligible  in  certain  cases.  Thus  it  is  well  known  that  the  metals 
iron,  cobalt,  nidcel,  zinc,  manganese,  titanium,  chromium,  and  uranium,  are 
not  precipitated  by  sulphuretted  hydrogen,  from  solutions  in  which  an  excess 
of  hydrochloric  acid  exists.  Copper,  however,  is  thrown  down  as  sulphide 
under  these  conditions;  whence  arises  an  easy  means  of  effecting  its  isolation. 

When  copper  exists  in  nitric  acid  solution,  together  witli  cadmium,  bismuth, 
and  lead,  it  may  be  separated  by  carbonate  of  ammonia,  which  only  dissolves 
the  copper.  In  a  similar  manner  may  copper  be  separated  from  alumina  and 
the  sesqidoxideB,  of  iron  and  of  chrome ;  but  this  procedure  is  not  so  reliable 
as  predpitatlon  of  the  copper  by  hydrosulphuric  acid.  The  best  method  of 
effecting  the  separation  of  copper  £rom  lead,  however,  depends  on  tlie  fact  that 
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sulphate  of  lead  is  a  very  insoluble,  and  sulphate  of  copper  a  soluble  body ;  hence 
if  the  mixed  metals  be  dissolved  in  nitric  acid,  and  sulphuric  acid  be  subse- 
quently added  to  the  solution,  all  tlie  lead  descends  in  combination  inth  sul- 
phuric acid,  as  sulphate  of  lead.  Instead  of  separating  this  precipitate,  the 
whole  mixture  should  be  evaporated  to  dryness  until  no  more  free  sulphuric 
acid  remains.  The  residue  being  now  moistened  by  nitric  acid,  all  the  copper 
will  be  taken  up  iu  the  condition  of  nitrate,  and  may  be  now  thrown  down  or 
otherwise  estimated  by  one  of  the  processes  already  described.  All  the  lead 
will,  of  course,  remain  in  the  condition  of  sulphate  of  lead. 

The  separation  of  copper  from  tin  and  antimony  may  readily  be  effected 
by  taking  advantage  of  the  circumstance  that  the  two  latter  metoJs,  instead  of 
being  dissolved  by  treatment  with  nitric  acid,  are  converted  into  compounds 
insoluble  in  that  menstruum  (stannic  and  antimouic  adds).  In  the  case  of 
antimony,  however,  the  indications  are  not  so  precise,  antimonic  acid  being 
slightly  soluble  in  nitric  acid.  A  better  plan  of  separating  copper  from  anti- 
mony consists  in  acting  upon  a  solution  of  the  two  metals  in  nitromuriatic 
acid  by  ammonia,  and  then  pouring  in  an  excess  of  hydrosulphate  of  ammonia, 
which  dissolves  the  sulphide  of  antimony,  but  throws  down  the  sulphide  of 
copper.  The  same  treatment  may  be  adopted  for  effecting  the  separation  of 
copper  from  tin,  and  arsenic. 


Estimation  of  the  Pretence  of  Copper  qualitatively  by  the  Blowpipe. 

Few  mineral  substances  admit  of  recognition  with  greater  ease,  or  certainty, 
tlian  copper,  under  blowpipe  investigation.  This  facility  depends  on  the 
ready  change  of  copper  into  the  condition  of  red  oxide— the  oxide  which  has 
tiie  composition  of  08*4  of  copper  united  with  8  of  oxygen.  When  developed, 
this  oxide  tinges  borax  with  its  characteristic  colour, — ^whence  the  presence 
of  copper  is  demonstrated. 

The  practical  determination  of  copper  by  the  blowpipe,  is  conducted  as 
follows : — ^A  loop  being  made  at  the  extremity  of  a  piece  of  small  plUntinum  wire, 
is  moistened  by  water  or  on  the  tongue,  and  dipped  into  some  powdered  borax, 
when  a  little  borax  will  be  taken  up.  The  borax  is  now  to  be  fused,  and 
whilst  yet  soft  is  to  be  dipped  into  some  of  the  powdered  mineral,  so  that  a 
little  may  adhere.  The  whole  is  now  to  be  fused  again,  and  retained  in 
fusion  some  time  ;  for  the  purpose  of  evolving  sulphur,  arsenic,  or  any  other 
volatile  matter ;  the  presence  of  wliich  might  prejudice  the  subsequent  oper- 
ations. The  next  point  to  be  held  in  idew,  is  the  reduction  of  any  copi>er  which 
may  be  present,  to  the  state  of  red  oxide.  The  platinum  loop  and  its  contents 
should  therefore  be  acted  upon  by  the  reducing  flame.  If  the  characteristic 
redness  of  the  oxide  of  copper  be  developed,  nothing  more  remains  to  be 
done ;  but  if  it  be  not,  the  aid  of  some  deoxidizing  material  must  be  sought. 
A  very  small  particle  of  tin  is  usually  employed  for  this  purpose :  if  any  copper 
be  present,  the  combined  agency  of  tiie  tin  and  the  reducing  flame  inunediately 
brings  the  metal  to  the  condition  of  red  oxide. 
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Furnace  Estimation  of  Copper  on  the  Small  Scale — TJte  Copper  Assay, 

Before  an  assay  of  copper  ore  can  be  satisfactorily  performed,  the  operator 
must  determine  the  nature  of  the  materials  associated  with  the  copper.  For 
pjaotical  purposes,  copper  ores  arrange  themselves  in  three  classes : — 

I.  Ores  devoid  of  any  other  metal  (calcigenous  metal)  save  iron. 

n.  Ores  containing,  besides  iron,  sulphur  auds^l^iiiteiii  o^'lloth ;  but  no 
aisenic. 

UL  Ores  containing  sulphur  and  selenium,  or  both ;  together  with  arsenic, 
iron,  and  other  metals. 

Disorimination  of  the  presence  of  Sulphur  and  Selenium, 

To  effect  this  discrimination,  a  small  fragment  of 'tiie  olfb'  may  be  heated 
either  in  the  spiriMamp  flame,  or  the 
oxidating  blow3)ipe  flame,  supported 
in  cither  case  on  an  iron  wire, 
sulphur  be  present,  sulphurous  acid 
will  be  generated ;  recognizable,  most 
likely,  by  its  peculiar  odour  of  a 
burning  brimstone  match ;  selenium 
TviU  be  indicated  by  the  odour  of 
horseradish.  The  latter  constituent 
is,  however,  very  rare. 

Instead  of  heating  the  fragment 
of  ore  as  described,  more  powerful 
indications  of  odorous  matter  will 
sometimes  result  from  heating  it  in  a  Fig.  £0. 

glass  tube,  open  at  both  ends,  and  held  over  a  spirit-lamp  flame,  as  re* 
presented  in  Fig.  20. 


the 
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Discrimination  of  the  presence  of  Arsenic. 

The  peculiar  alliaceous  smell  developed  when  a  mineral  containing  arsenic 
is  heated  in  contact  with  deoxidizing  matter — such,  for  example,  as  char- 
coal— ^we  have  already  (page  02)  pointed  out.  Nevertheless,  tliis  test  of  the 
presence  of  arsenic  is  not  always  satisfactory,  on  account  of  the  coincident 
generation  of  sulphurous  acid;  the  strong  odour  of  which  masks  and  conceals 
the  odour  of  the  former. 

An  ingenious,  and  at  the  same  time  a  very  easy  method  of  discovering  the 
presence  of  arsenic,  consists  in  the  appHcation  of  what  is  called  Marsh's  test, 
the  indications  of  which  depend  on  the  formation  and  the  subsequent  combus- 
tion of  arseniuretted  hydrogen  gas.  Many  diflerent  forms  of  apparatus  have 
been  devised  for  the  performance  of  this  experiment.  The  following  has  the 
advantage  of  great  simplicity,  and,  if  properly  managed,  amply  serves  every 
useful  purpose  to  the  extent  of  mineralogical  requisition : — 

Having  procured  a  five  or  nx-ounce  bottle,  attach  to  its  mouth  a  perfo- 
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rated  cork,  \nth.  a  piece  of  tobacco-pipe  stem  attached  to  the  perforation,  as 
represented  in  the  accompanying  diagram  (Fig.  21). 

First  pour  into  the  bottle  a  mixture  of  sulphuric  acid  and  water,  in  the 
proportiaate  ratio  of  one  to  six.     Then  throw  in  a  teaspoonful  of  the  material 

to  be  acted  on,  previously  reduced  to 
powder ;  and  agitate.  Next  add  some  frag- 
ments of  ziac ;  and  now  thrusting  the  per- 
forated cork  into  the  mouth  of  the  bottle, 
let  the  apparatus  stand  until  the  operator 
feels  assured  that  the  developed  gas  has 
expelled  all  the  atmospheric  air  originally 
contained  in  the  bottle.  Were  this  admo- 
nition not  attended  to,  there  would  result 
an  explosion — one,  however,  not  dangerous. 
The  operator  next  applies  flame  to  the 
issuiug  gases,  and  holds  a  piece  of  white 
earthenware  (a  plate  or  saucer)  in  the  bum 
ing  jet.  If  arsenic  be  present  in  the  ore,  a 
black  circular  stain  will  be  produced  on 
the  saucer  or  plate.  This  is  an  exceedingly  deHcate  test — ^far  more  delicate 
than  the  metallurgist  requires ;  it  may  even,  if  not  controlled,  lead  to  false 
conclusions,  owing  to  minute  traces  of  arsenic  sometimes  present  in  the  metal 
zinc.  All  error,  however,  from  that  source  may  be  avoided  by  previously 
examining  the  zinc  by  a  separate  experiment ;  every  part  of  the  instructions 
given  being  followed  except  the  addition  of  powdered  ore  to  the  other  ma- 
terials. 

Assay  of  Copper  Minerals  of  the  First  Class. 

A  portion  of  the  ore  having  been  reduced  to  powder  is  intimately  mixed 
witli  about  three  or  three  and  a  half  times  its  weight  of  black  flux,  and  re- 
moved into  a  crucible  about  half  full.  The  crucible  thus  charged  is  next 
exposed  (open)  to  furnace-heat  until  the  whole  contents  have  been  melted, 
and  the  fluid  becomes  tranquil.  The  crucible  is  now  exposed  for  about 
fifteen  minutes  to  the  highest  power  of  furnace  heat.  Finally  the  crucible  is 
withdrawn,  gently  tapped  on  a  hard  surface  to  promote  aggregation  of  the 
reduced  copper  into  one  mass ;  the  latter  allowed  to  cool,  withdrawn  from  the 
crucible,  and  weighed. 

This  process  is  not  very  satisfactory  for  ores  which  contaiu  less  than 
10  per  cent,  of  copper.  The  best  method  of  treating  pure  copper  ores  is  to 
subject  them  to  a  preliminary  fusion  with  sulphur,  and  bring  them  into  the 
category  of  the  second  class,  now  to  be  described. 

Assay  of  Copper  Minerals  of  the  Second  Class. 

Tlie  first  operation  in  tlie  assay  is  roasting,  by  which  means  a  portion  of 
the  sulphur  is  driven  ofi"  in  tlie  condition  of  sulphurous  acid ;  whilst  another 
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portion  of  the  sulphur  being  converted  into  sulphuric  acid,  sulphate  of  oxide 
of  copper  is  generated ;  finally  the  latter  is  decomposed,  and  oxide  of  copper 
remains,  which  readily  yields  up  its  oxygen  when  heated  in  the  presence  of 
black  flux,  and  evolves  metallic  copper. 

The  roasting  operation  is  conducted  in  an  open  crucible  in  the  following 
way : — ^The  ore,  reduced  to  powder,  is  deposited  in  the  crucible,  and  the  latter 
placed  in  a  slantmg  position  amidst  the  coke  of  an  air-furnace,  the  draught 
of  which  has  been  brought  by  damping  to  a  very  low  degree — for  it  is  essen- 
tial that  the  copper  sulphuret  be  not  fused  at  this  early  stage  of  the  operation. 
Of  course  the  roasting  operation,  involving,  as  it  does,  &ee  contact  with 
atmospheric  air,  must  be  conducted  in  an  uncovered  crucible ;  and  the  operator, 
by  smelling  through  an  iron  or  earthenware  tube,  the  lower  extremity  of  which 
is  held  over  the  crucible  mouth,  should  assure  himself  from  time  to  time  as  to 
the  progress  of  sulphurous  acid  evolution.  Meanwhile  the  crucible  contents 
are  to  be  stirred  from  time  to  time  with  an  iron  rod,  in  order  to  bring  about 
atmospheric  contact  with  every  portion  of  the  ore.  When  tlie  smell  of  sul- 
phurous acid  is  insignificant,  the  crucible,  from  dull  redness,  should  be  heated 
to  bright  redness,  and  the  heat  continued  imtil  sulphurous  acid  is  no  longer 
expeUed.  Finally,  the  cinicible  is  to  be  heated  to  full  whiteness  for  not  less 
than  ten  minutes,  afterwards  removed  from  the  fiumace,  and  its  contents 
permitted  to  cool. 

The  smelting  operation,  properly  so  called,  now  begins;  it  consists 
in  mixing  the  roasted  ore  with  four  times  its  weight  of  black  flux,  under 
neath  a  layer  of  borax,  and  heating  in  a  furnace  for  about  half  an  hour  to 
the  fusion-point  of  copper.  Finally,  the  crucible  is  to  be  removed  and 
gently  tapped  to  promote  metallic  cohesion ;  then  either  the  copper  may  be 
dexterously  transferred  at  once  to  an  ingot  mould,  or  obtained  by  breaking 
the  crucible  when  cold. 

Assay  of  Copper  Minerah  of  the  Hiird  Class. 

The  assay  operation  for  these  ores  is  essentially  the  same  as  the  last, 
only  the  proceSd  of  roasting  is  more  difficult,  because  the  ore  is  more  fusible. 
The  temperature,  therefore,  at  which  the  roasting  is  first  commenced  should 
be  gentle,  and  only  increased  to  full  redness  after  the  chief  portion  of  arsenic 
and  sulphur  has  been  evolved.  Evolution  of  the  arsenic  may  be  greatly  pro- 
moted by  adding  to  the  powdered  miueral  a  little  powdered  charcoal  from 
time  to  time,  and  stirring  the  whole  well  togetlier.  When  the  operation  of 
roasting  is  deemed  complete,  the  smelting  part  of  the  operation  proper  is 
accomplished  precisely  as  directed  for  minerals  of  the  second  class :  however, 
the  resulting  button  of  copper  will  always  be  contaminated  to  such  an  extent, 
tliat  a  subsequent  process  of  refining  will  be  necessary.  This  refining  oper- 
ation is  identical  with  cupellation,  properly  so  called,  and  is  conducted  in  the 
following  manner ; — 

The  bead  of  copper  being  placed  on  a  little  cup  or  vessel  of  porous  bone- 
earth,  some  pure  lead  is  added,  and  tlie  whole  exposed  to  a  current  of  highly 
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heated  air.    The  lead  now  oxidizes — ^forms  litharge,  which  has  the  property  of 

dissolving  other  metallic  oxides,  and 
forming  a  glass  or  slag,  which  sinks  into 
the  pores  of  the  cupel.  In  the  present 
case,  the  metal  whose  removal  is  aimed 
at  is  arsenic.  As  regards  the  contri- 
vances for  effecting  cupellation  (in  this 
case  termed  refining),  the  operator 
^^^'  *^'  requires  a  cupel — ^usually  home-made, 

hy  means  of  powdere<l  bone-earth,  and  a  cupel  mould  ;  also  a  little  perforated 
oven,  technically   called  a  muffle,  and  re- 
presented in  the    accompanying  diagrams 
(Figs.  22  and  23). 

Great  practice  is  required  in  performin*^ 
cupellation  with  advantage,  even  where  gold 
and  silver  are  concerned :  still  more  care  is 
requisite  in  conducting  the  operation  of 
copper  refining. 

When  the  principles  on  which  the  cupell- 
ing operations  are  based  are  well  considered, 
it  will  be  evident  that  a  metal  somewhat  easy 
of  oxydation  like  copper  must  incur  appre- 
ciable loss  when  subjected  to  cupelling :  and 
that  although  arsenic  and  the  other  impuri- 
ties mingled  with  copper  ores  of  the  third 
class  be  the  substances  which  chiefly  disap- 
pear during  the  process  of  refining  by  cupel- 
lation, still  the  loss  of  copper  will  be  far  too 
considerable  to  be  neglected.  It  is,  therefore, 
well  to  check  this  loss  by  a  second  cupelling 
operation,  performed  on  a  bead  of  pure  copper 
equal  in  weight  to  that  of  the  impure  copper ; 
to  effect  the  purification  of  wliich,  the  re- 
fining operation  is  applied. 

Tin. — Tliis  metal  exists  in  but  few  localities,  but  in  these  it  is  somewhat 
abundant.  The  chief  tin  localities  are  Cornwall  and  Devon ;  the  East  Indies, 
Saxony,  and  Bohemia.  Stanniferous  sand  is  found  in  Brittany;  but  the 
amount  is  too  small  to  pay  for  extraction.  The  principal  ore  of  tin  is 
the  binoxide,  but  the  metal  also  occurs  in  combination  with  sulphur  and 
arsenic. 

Chemical  Characteristics  of  Tin, 

Perhaps  the  most  striking  characteristic  of  tin  when  operated  on  by  the 
moist  process,  is  its  insolubility  in  nitric  acid ;  which  body  at  once  oxidizes 
it,  and  brings  it  to  the  condition  of  stannic  acid.  Nitric  acid  gives  rise  to  a 
parallel  result  when  caused  to  act  upon  antimony.    Hence  neither  tin  nor 
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aatunony  admit  of  solution  in  nitiic  acid ;  and  founded  on  this  circumstance 
aiises  an  easy  means  of  separating  them  from  many  other  metals. 

Tin  solutions  may  occur  in  two  different  states, — ^namely,  as  proto  or  per- 
combinations.  The  former  correspond  with  tlie  protoxide ;  they  are  repre- 
sented by  the  protochloride  of  tin,  and  solutions  holding  the  protoxide.  The 
mineralogist  has  seldom  the  necessity  to  concern  himself  with  the  minute 
charaeteristics  of  these  solutions.  Haying  once  determined  the  presence  of 
tin, — ^which  the  blowpipe  operation,  combined  with  the  relation  of  tin  to  nitric 
acid,  will  generally  accomplish, — ^his  next  concern  is  to  estimate  its  amount ; 
to  this  end,  he  changes  the  tin  into  insoluble  stannic  acid,  washes,  ignites, 
weighs,  and  calculates  the  amount  of  tin.  Every  75  parts  of  staniiic  acid  (per- 
oxide) correspond  with  59  of  tin. 

Usually  the  stannic  acid  from  wliich  the  quantity  of  tin  is  deduced,  is 
obtained  by  decomposing  sulphide  of  tin  by  treatment  with  nitric  acid,  as  will 
be  now  explained.  When  it  is  intended  to  throw  down  tin  as  a  sulphide 
from  a  solution,  a  proto-sohition  of  tin  must  be  employed,  such  as  will  result 
from  the  solution  of  tin  in  hydrochloric  acid,  the  operation  being  performed 
in  a  flask  so  as  to  prevent  unnecessary  contact  mth  atmospheric  air ;  other- 
wise the  solution  might  be  partially  brought  to  the  state  of  per-combination. 
The  solution,  moreover,  should  hold  a  considerable  excess  of  hydrochloric 
acid.  A  current  of  hydrosulphuric  acid  gas  is  now  to  be  transmitted  until 
the  liquid  will  absorb  no  more.  The  operation  should  be  performed  in  a  flask ; 
and  when  the  transmission  of  gas  is  complete,  the  flask,  being  closed,  should 
be  removed  to  and  allowed  to  remain  in  a  warm  place  (about  140''  F.)  for 
some  hours.  Meantime,  the  sulphide  will  fall,  and  may  afterwards  be  col- 
lected in  a  filter,  and  carefully  washed.  The  sulphide  of  tin  is  next  to  be 
converted  into  stannic  acid  or  binoxide  of  tin,  by  pouring  warm  nitric  acid 
over  it.  If  traces  of  any  other  metal  should  have  been  thrown  down  by  the 
hydrosolphurio  acid  simultaneously  with  the  tin,  these  traces,  all  except 
antimony,  will  be  dissolved  by  the  nitric  add.  The  stannic  acid  produced 
is  to  be  washed,  heated,  weighed,  and  the  amount  of  tin  present  deduced 
from  its  composition. 

Eitvination  of  the  presence  of  Tin  qttalitatively  by  tlie  Blowpipe. 

The  tin  mineral  under  examination  may  either  be  in  the  condition  of 
peroxide,  or  sulphuret  (tin  pyrites)  respectively,  alone  or  mixed  with  other 
bodies.  If  tin  pyrites  be  heated  in  the  oxidating  flame  on  a  piece  of  char- 
coal, the  presence  of  sulphur  is  indicated  by  the  evolution  of  sulphurous  acid : 
the  further  reactions  are  due  to  the  peroxide  of  tin  generated.  Peroxide  of  tin 
becomes  highly  incandescent  when  subjected  to  the  oxidating  flame,  but  in 
other  respects  it  remains  unchanged :  when  removed  to  the  reducing  flame,  it 
loses  its  oxygen-and  leaves  metallic  tin. 

Peroxide  of  tin  and  borax  exposed  to  the  oxidating  fliame,  yield  a  white 
opaque  glass  if  the  borax  be  saturated  with  oxide ;  if  otherwise,  the  glass  will 
be  traaflpeient.  The  fact  may  here  be  remembered  as  serving  to  fix  on  the 
recoOection  a  blowpipe  indication  of  tin,  that  the  opaque  white  glass  of 
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commerce  obtains  the  quality  of  opacity,  either  from  oxide  of  antimony,  or  of 
tin. 

Furnace  Estimation  of  Tin  on  the  Small  Scale — The  Tin  Assay, 

Notwithstanding  that  tlie  oxide  of  tin  is  completely  reduced  by  contact 
with  charcoal  at  a  red  heat,  the  highest  heat  capable  of  being  yielded  by  a 
wind  furnace  is  necessary  in  order  to  conduct  the  chemical  assay ;  and  even 
tlien  the  process  of  reduction  is  unsatisfactory,  except  the  oxide  of  tin,  con- 
tained in  tin  ore,  have  been  previously  freed  from  much  of  the  silicious  and 
otlier  associated  matter,  wherewith  it  is  naturally  mixed  or  in  combination. 
Tliis  may  be  effected  by  agencies  partly  chemical,  partly  mechanical,  as  the 
foUowiag  statement  will  explain. 

Preliminary  Operations, 

The  tin  ore  having  been  carefully  pulverized,  is  mixed  with  a  little 
powdered  charcoal ;  afterwards  the  mixture  is  roasted ;  by  which  treatment 
much  or  all  of  the  iron  pyrites  in  combination  with  it  will  be  decomposed, 
and  the  fixed  residue  will  be  rendered  specifically  lighter  than  the  oxide  of 
tin  to  such  an  extent,  that  on  shaking  the  whole  together  with  water,  the 
former  may  be  separated  in  great  measure  by  decantation;  leaving  the  real 
oxide  in  a  competent  state  of  concentration  for  the  real  smelting  process  to 
be  applied  with  advantage.  If,  however,  the  silicious  gangue  associated  with 
the  ore  be  inconsiderable,  and  iron  pyrites  be  the  chief  associated  body,  a 
moist  preliminary  treatment  may  be  advantageously  applied.  The  powdered 
ore  being  boiled  with  nitro  muriatic  acid,  holding  nitric  acid  in  excess,  the 
pyrites  will  be  decomposed  and  dissolved,  w^hilst  the  oxide  of  tin  present 
remains  untouched.  Tlie  latter  may  then  be  collected  on  a  filter,  and  sub- 
jected to  tlie  smelting  operation,  after  preliminary  calcination,  to  effect  the 
evolution  of  any  traces  of  sulphur  which  the  process  of  solution  may  have 
caused  to  be  present. 

TJie  Assay  Proper, 

The  high  temperature  required  for  the  reduction  of  native  tin  oxide  has 
already  been  mentioned.  The  operation  should  always  be  conducted  in  a 
charcoal-lined  crucible,  and  the  ore  should  be  mixed  wiUi  about  half  its  weight 
of  a  flux,  composed  of  carbonate  of  soda  and  borax  in  equal  portions,  or  else 
a  flux  composed  of  three  parts  of  carbonate  of  soda  to  one  of  lime. 

Zinc. — Since  the  discovery  was  made  that  zinc  at  a  certain  temperature 
can  be  rolled  into  sheets,  it  has  been  applied  to  a  variety  of  uses,  more  espe- 
cially those  for  which  tin  plates  had  been  hitherto  employed.  The  only 
minerals  from  which  zinc  can  be  extracted  remuneratively  are  calamine 
(carbonate  of  zinc)  and  sulphide  of  zinc  (zinc  blende) :  the  former  is  of  greater 
importance.  The  principal  localities  wherein  calamine  is  found  are  Tar- 
nowitz  in  Silesia,  the  mines  of  VieiLle,  and  Nouvelle  Montaigne  near  Aix-la- 
Chapelle.  England  yields  a  limited  quantity,  but  our  mineral  stores  of  zinc 
blende  are  considerable. 
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Chemical  Characteristics  of  Zinc, 

The  most  strOdng  chemical  characteristic  of  zinc  treated  by  the  moist 
process  is  the  white  sulphide  it  yields  when  thrown  down  by  hydrosnlphuric 
acid,  being  the  only  calcigenous  metal  which  has  this  property.  Manganese 
yields  no  precipitate  with  hydrosulphmic  acid ;  though  with  hydrosulphate 
of  ammonia  the  precipitate  it  gives  is  almost  white*.  Zinc  is  precipitated  white 
both  by  hydrosnlphuric  acid  and  hydrosulphate  of  ammonia. 

Zinc  is  usually  subjected  to  quantitatiye  estimation  by  the  moist  process 
by  throwing  it  down  as  carbonate ;  changing  the  carbonate  to  zinc  oxide 
(tiiere  is  but  one  oxide  of  zinc),  and  calculating  from  the  latter  the  actual 
amount  of  zinc  present. 

Occasjionally,  instead  of  precipitating  zinc  as  carbonate  at  once,  it  is 
thrown  down  by  hydrosnlphuric  acid,  or  hydrosulphate  of  ammonia,  as  sul- 
phide of  zinc,  the  latter  dissolved  in  hydrochloric  acid ;  to  which  solution 
carbonate  of  soda  being  added,  the  zinc  is  now  thrown  down  in  the  form  of 
carbonate. 

E$tim€Uion  of  the  presence  of  Zine  qudUtativdy  by  the  Blowpipe, 

11  a  thin  piece  of  metallic  zinc  be  held  in  the  flame  of  a  candle  or  a  spiiit- 
lamp,  it  bums  and  is  converted  into  a  white  fiocculent  oxide,  to  which  the 
older  chemists  applied  the  term  "  lana  philosophical''  or  philosopher's  wool. 
Indications  of  this  sort  of  change  are  afforded  imder  blowpipe  treatment,  and 
are  amongst  the  most  valuable  signs  that  instrument  is  capable  of  giving  as 
regards  the  presence  of  zinc. 

A  fragment  of  zinc  mineral,  if  heated  on  a  piece  of  charcoal  in  the  oxidat- 
ing part  of  the  blowpipe-flame,  fases  into  a  bead,  which  appears  yellow  when 
hot,  becoming  more  or  less  white  in  cooling.  Changing  the  position  of  the 
assay  by  removal  to  the  reducing-flame,  the  zinc  is  first  brought  to  the  me- 
tallic state,  which  immediately  oxidizing,  the  oxide  bums  and  is  deposited 
over  the  charcoal  in  small  flakes,  constituting  a  deposition  of  the  "  lana  phiUh 
eophica**  already  adverted  to. 

Furnace  Estimation  of  Zinc  on  the  Small  Scale — The  Zinc  Assay. 

The  igneous  metallurgy  of  the  metal  zinc  on  the  large  scale  is  no  less  easy, 
than  the  same  on  the  small  scale  (assaying)  is  difficult  and  unsatisfactory. 
The  facility  in  the  former  and  the  difficulty  in  the  latter  case,  are  deter- 
mined by  the  solubility  of  zinc,  which  prevents  its  being  drained  like  other 
metals  in  the  condition  of  a  button.  It  must  either  be  distilled  or  collected, 
and  its  amount  estimated ;  or  the  quantity  of  zinc  present  in  an  ore  must  be 
tlirown  off  by  violent  heat,  without  subsequent  condensation,  and  the  quantity 
present  estimated  by  the  loss  experienced.  To  Berthier  we  are  especially 
indebted  for  the  best  infpmiation  we  possess  concerning  the  igneous  estima- 
tion of  zinc  on  the. small  scale.  His  division  of  the  subject  is  that  conse- 
quently which  we  shall  adopt  in  our  outline  of  the  subject. 
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Berthier  divides  all  zinc  ores  capable  of  being  dealt  mth,  by  the  process 
of  igneous  assay,  into  four  classes : — 

1.  Zinc  ores  containing  oxide  of  zinc  xineombined  with  silicic  acid. 

2.  Those  cimtaining  oxide  of  zinc  partially  or  wholly  combined  with 
silicic  acid. 

3.  Those  in  which  the  metal  is  wholly  or  partially  combined  with  sulphur. 

4.  Combinations  of  zinc  with  other  metals  (zinc  alloys). 

(1.)  The  reduction  of  ores  of  the  first  class  is  very  easy ;  the  only  prac- 
tical difficulty  consists  in  collecting  and  estimating  the  metal  evolved.  Inas- 
much as  oxide  of  zinc  readily  loses  its  oxygen  when  heated  in  contact  witli 
deoxidizing  bodies  (coal,  coke,  charcoal,  hydrogen,  carbonic  oxide,  or  car- 
buretted  hydrogen),  all  that  has  to  be  done  consists  in  so  arranging  the 
apparatus  that  the  oxide  of  zinc  may  oome  into  contact  with  either  of  the 
preceding  at  a  suitable  temperature :  red  heat  is  sufficient  for  the  mere 
accomplishment  of  reduction,  but  full  white  heat  is  necessary  to  effect. the 
subsequent  distillation  or  evolution  of  the  vaporous  zinc.  The  best  appa- 
ratus for  conducting  the  operation  is  an  earthenware  retort,  made  of  highly 
refractory  materials,  and  having  a  long  neck ;  or,  what  is  still  better,  a  clay 
retort  the  neck  of  which  is  short, — ^the  tubular  length  necessary  to  promote 
perfect  condensation  being  given  by  luting  in  a  porcelain  tube.  Nothing  can 
be  more  simple  in  theory  than  the  process  here  described ;  it  is,  nevertheless, 
attended  with  particular  difficulties,  the  nature  of  which  will  be  obvious,  when 
they  are  once  stated.  Firstiy,  it  is  not  an  easy  matter  to  evolve  every  trace 
of  zinc  in  the  vaporous  form :  hence  an  error  proportionate  with  the  amount 
remaining  will  be  the  consequence ; — secondly,  the  vaporous  zinc  which  it  is 
the  object  of  the  assayer  to  condense  in  the  metallic  form,  is  partially  con- 
verted into  oxide ; — and  lastly,  the  crust  of  zinc  deposited  on  the  latter  can- 
not always  be  readily  detached  :  much  of  the  latter  difficulty  may  be,  never- 
less,  obviated,  by  smearing  the  interior  of  the  tube  with  plumbago,  so  as  to 
impart  a  highly  polished  surface.  Still,  despite  all  precautions,  a  variable 
proportion  of  ziuc  will  remain  so  distinctly  attached  to  the  tube,  that  all  endea- 
vours to  effect  its  removal  by  mechanical  force  will  be  fruitiess.  It  must, 
therefore,  be  dissolved  by  nitric  acid,  which  will  generate  nitrate  of  oxide  of 
zinc,  wliich  being  evaporated  to  dryness  and  calcined,  anhydrous  oxide  of 
zinc  will  be  the  result :  four-fifths  of  which  by  weight  will  be  equivalent  to 
the  amount  of  metallic  ziac  represented  by  the  oxide ;  and  if  added  to  the 
figure  representing  the  amount  of  metallic  zinc<«ttached,  the  whole  quantity 
of  that  metal  distilled  over  will  be  indicated. 

Inasmuch  as  the  preceding  operation  necessitates  the  employment  of  a 
retort  (a  veiy  inconvenient  form  of  instrument),  some  operators  prefix  a 
crucible,  taking  no  heed  of  preserving  by  condensation  the  zinc  which 
escapes,  but  merely  raising  the  furnace  temperature  to  such  a  grade  that  all 
the  zinc  shall  be  evolved  and  dissipated  in  the  furnace. 

For  this  operation  a  charcoal-lined  crucible  is  required,  precisely  similar 
to  that  already  described  as  being  employed  in  performing  the  iron  assay; 
and  the  heat  is  pushed  almost  to  the  highest  degree  capable  of  being  yielded 
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by  a  powerful  air-furnace.  The  best  flux  to  be  employed  in  conducting  this 
operation  is  a  mixture  of  black  flux  aud  borax.  Supposing  this  operation  to 
have  been  performed,  the  fixed  materials  remaining  in  the  crucible  will  be  a 
mixture  of  slag  and  reduced  fixed  metal,  iron — ^always  present  in  zinc  ore. 
Now  the  iron  was  originally  present  in  the  form  of  oxide  of  iron ;  therefore 
oxygen  win  have  been  eYolved  in  the  state  of  carbonic  oxide  or  carbonic  acid. 

The  operator  now  proceeds  to  get  the  iron  out  of  the  slag,  which  he 
accomplishes  by  poimding  the  mass,  and  abstracting  the  iron  by  a  bar- 
magnet.  Of  course  the  non-attracted  portion  of  tlie  fixed  matter  is  the 
amoimt  of  slag ;  and  representlug  the  quantity  of  oxide  of  zinc  originally 
present  by  Z,  the  weight  of  iron,  of  slag,  of  oxide  of  zinc  (Z),  and  oxygen 
of  the  oxide  of  iron,  added  together,  will  give  the  original  weight  of  the  ore. 
In  point  of  fact,  these  data  give  all  the  information  the  assayer  requires,  by 
the  operation  of  obvious  algebraical  equation  foimulsB,  the  elements  of  which 
have  been  summarized  by  Berthier  as  follows : — 

Assume  that 

"W  =:  onide  ore  ^  calcined  ditto  =  w 
t  =  fixed  fiuxes  added  .    .     .  =r  < 


::  oxygen:  J  j^«^«°^^^«»*^+'-/-'-^ 

Flux  added,  t 
Earthy  matters,  t  —  i, 

(2).  SiKcic  add,  obviously,  is  not  affected  by  carbon  alone :  hence  ores  of 
zinc,  combined  with  silicic  acid,  require  to  be  treated  by  a  mixture  of  carbon 
and  a  flux.  Lime  or  magnesia,  with  or  witliout  borax,  may  be  conveniently 
employed  for  this  purpose ;  otherwise  tlie  steps  of  the  smelting  operation  are 
precisely  similar  to  those  already  indicated  as  adopted  for  minerals  of  the 
first  class. 

(3).  Zinc  ores  of  this  class — i.e.  ores  which  contain  sulphur — require  to 
be  subjected  to  a  preliminary  operation  of  roasting,  for  the  purpose  of  con- 
Tertlog  the  sulphur  into  sulphurous  acid,  before  the  final  operation  of  distil- 
lation or  of  vaporous  dissipation  from  a  charcoal-lined  crucible  can  be 
efiiciently  applied ;  otherwise,  the  remaioing  steps  of  the  smelting  operation 
are  precisely  as  before  indicated. 

The  difficulties  and  imperfections  attendant  upon  the  correct  esti- 
mation of  zinc  as  an  ore  by  either  of  the  processes  of  dry  assay,  should 
determine  the  operator  to  have  recourse,  whenever  practicable,  to  some 
yariety  of  the  moist  process.  In  addition  to  the  chemical  means  of  zinc 
already  described,  we  may  here  mention  that  the  non-metallic  constituents 
of  carbonate  of  zinc  (calamine)  and  sulphide  of  zinc  (ziuo  blende)  may 
be  readily  determined  by  any  chemical  operation.  The  non-metallic  con- 
stituents of  the  former,  the  proportions  of  which  it  is  desired  to  estimate,  are 
water  and  carbonic  acid.  The  quantity  of  water  may  be  determined  by 
strongly  heating  some  powdered  calamine  in  a  glass  tube,  oonnected  witli 
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another  tube  holding  fused  chloride  of  calcium.  All  the  water  evolved  must 
pass  through  the  latter,  which  will  absorb  it,  and  derive  a  proportionate  in- 
crease of  weight ;  hj  weighing  the  chloride  of  calcium  tube  and  its  contents 
before  and  after  the  operation,  it  is  evident  the  quantitj*^  of  water  evolved 
will  be  determined.  The  total  amount  of  carbonic  acid  and  water  contained 
in  any  specimen  of  calcium  can  be  determined  by  strongly  heating  a  portion 
of  the  ore  in  a  platinum  crucible,  when  both  water  and  carbonic  acid  will  be 
driven  ofif.  Finally,  the  amount  of  silicic  acid  may  be  determined  with  suffi- 
cient practical  accuracy  by  treating  a  portion  of  the  powdered  ore  with 
hydrocliloric  acid,  and  regarding  the  portion  remaining  xmdissolved  as  silicic 
acid ;  and  ammonia  being  added  to  the  solution,  the  whole  of  the  oxide  of 
zinc  may  be  precipitated. 

If  it  be  ^\ished  to  ascertain  by  the  moist  process  how  much  sulphur  is 
contained  in  a  given  portion  of  sulphide  of  zinc  (zinc  blende),  this  determina- 
tion admits  of  being  readily  made  by  solution  in  nitro-muriatic  acid  (aqua 
regia)  with  heat :  when  all  the  sulphur  will  be  converted  into  sulphuric  acid, 
and  may  be  precipitated  in  the  ordinary  manner  with  a  salt  of  baryta ;  whilst 
from  anotlier  portion  of  solution  similarly  affected,  the  total  amount  of  zinc 
present  may  be  discovered  by  precipitation  with  ammonia  or  oxide  of  zinc. 

Antimony. — This  metal  is  occasionally  found  native  in  Sweden,  France, 
and  Germany,  though  the  occurrence  is  rare :  antimonial  ores  are  alone  of 
commercial  importance  in  furnishing  our  sources  of  the  metal. 

Oxid€  of  Antimony, 

This  is  a  somewhat  rare  mineral,  occurring  in  Hungary,  Saxony,  and  some 
other  locahties.  It  is  of  little  importance,  however,  considered  as  a  source 
from  which  antimony  is  obtained  commercially.  The  only  antimonial  mineral 
having  commercial  importance  to  any  considerable  extent,  is  the  ore  next  to 
come  under  consideration. 

Sulphuret  or  Sulphide  of  Antimony, 
The  chief  localities  where  this  mineral  is  found  are  Hungary,  Stolberg 
in  the  Hartz,  Auvergne,  Dauphiny,  Spain,  Cornwall,  and  the  Island  of  Borneo. 
In  composition  it  is  a  tersulphide  of  the  metal,  being  a  composition,  therefore, 
of  three  equivalents  of  sulphur  plus  one  of  antimony. 

Cliemioal  Characteristics  of  Antimony, 
Antimony  is  a  brittle  brilliant  metal  of  silvery  whiteness :  its  density  is 
about  6-8,  and  its  fusing  point  about  848°  F.  It  crystallizes  when  slowly 
cooled  in  forms  belonging  to  the  rhombohedral  system.  Tliis  metal  does  not 
readily  become  oxidized  when  exposed  cold  to  air,  even  though  the  air  be 
moist,  but  it  readily  oxidizes  if  left  uncovered  at  the  temperature  of  fusion. 
Like  arsenic,  but  to  a  less  considerable  extent,  antimony  forms  a  gaseous 
combination  with  hydrogen  ;  and  if  strongly  heated  in  a  current  of  air  or  any 
gas,  it  imdergoes  a  sort  of  distillation.  Antimony  is  not  dissolved  when  acted 
on  by  sulphuric  acid  and  water — ^nor  even  by  strong  sulphuric  acid,  except 
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heat  be  applied,  when  the  acid  is  decomposed  with  the  evolution  of  sulphurous 
acid  gas.  Finely-powdered  antimony  is  dissolved  by  hydrochloric  acid,  with 
the  evolution  of  hydrogen  gas ;  and  nitro-muriatic  acid  dissolves  it  with  still 
greater  facility,  provided  nitric  acid  be  not  in  excess.  The  action  of  nitric 
acid  on  antimony  is  peculiar,  and  has  already  been  advei*ted  to.  It  at  once 
oxidizes  the  metal,  converting  it  into  a  white  powder,  antimonic  acid.  Tin  and 
antimony,  treated  with  nitric  acid,  both  generate  a  white  insoluble  powder. 

If,  however,  the  problem  be  that  of  determining  the  presence  of  antimony 
already  in  solution,  hydrosulphuric  acid  or  hydrosulphate  of  ammonia  affords 
not  only  a  ready  means  of  qualitative  discrimination,  but  a  means  of  throwing 
down  all  the  antimony,  preparatory  to  obtaining  it  in  the  metallic  form. 
The  sulphide  or  sulphuret  of  antimony  thrown  down  has  a  well-marked 
orange  colour,  and  can  scarcely  be  mistaken  for  any  other  sulphide.  It  is 
true  that  arsenic,  cadmium,  and  tin,  in  the  state  of  percombination,  all  yield 
yellow  precipitates  when  either  hydrosulphuric  acid  or  hydrosulphate  of  am- 
monia is  added  to  these  solutions ;  but  the  colour  is  so  far  distinct  from  the 
deep  orange  tint  of  sulphide  of  antimony,  that  a  practised  eye  will  not  be 
niisled.  When  the  sulphide  of  antimony  has  been  thrown  down  in  the 
course  of  experiment,  and  the  operator  wishes  to  reduce  it  to  the  condition 
of  metallic  antimony,  this  is  best  accomplished  by  placing  it  dry  in  a  tube  of 
Bohemian  glass,  about  eight  inches  long  and  half-an-inch  diameter ;  trans- 
mitting hydrogen  gas  over  it,  and  simultaneously  applying  the  heat  of  a 
spirit-lamp  flame.  Thus  treated,  the  sulphur  of  the  sulphide  unites  with 
hydrogen  to  form  hydrosulphuric  acid  gas,  which  passes  over ;  and  metaUic 
antimony  is  left  in  a  pulverulent  state.  It  may  be  readily  withdrawn  from 
tlie  tube,  and  its  quantity  estimated  by  weighing.  The  process  here  described 
is  not  chemically  unexceptionable ;  inasmuch  as  minute  traces  of  the  antimony 
may  unite  with  hydrogen,  and  pass  over  as  antimoniuretted  hydrogen  gas. 
The  objection,  however,  is  too  slight  to  affect  mineralogical  results.  A  ready 
method  is  available  for  determining  the  instant  at  which  the  transmission  of 
hydrogen  has  been  sufficiently  prolonged,  by  holding  from  time  to  time  a 
slip  of  paper,  moistened  with  acetate  of  lead  solution,  near  the  open  extremity 
of  the  Bohemian  glass  tube.  So  long  as  the  decomposition  of  sulphide  of 
antimony  is  going  on,  hydrosulphuric  acid  will  be  evolved ;  and  tiiis,  as  is 
well  known,  has  the  property  of  blacking  a  salt  of  lead.  When,  however, 
the  decomposition  of  the  sulphide  of  antimony  is  complete,  hydrosulphuric 
acid  is  no  longer  generated ;  whence  it  follows  that  the  lead  test-paper  will 
no  longer  be  affected  with  blackness. 

Blowpipe  indications  of  Antimony, 

Whether  the  antimonial  ore  subjected  to  examination  be  oxide  or  sulphide, 
the  final  indications  of  the  presence  of  the  metal  ^dll  be  similar,  and  will 
depend  upon  the  former.  Oxide  of  antimony  is  a  rare  mineral,  as  we  have 
already  indicated :  it  will  rarely,  therefore,  come  under  mineralogical  notice  as 
an  ore.  Oxide  of  antimony — otherwise  called  antimonic  acid — ^will  frequently 
occur  as  the  result  of  the  action  of  nitric  acid  on  antimonial  compounds.    Let 
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US  assume  that  a  certain  mineral,  when  digested  with  nitric  acid,  does  not 
dissolve,  but  ^-ields  a  white  powder :  the  latter  will  be  either  an  oxide  of  anti- 
mony or  of  tin.  It  may  be  readily  determined  to  be  the  oxide  of  antimony  by 
the  following  blowpipe  reactions.  Heated  on  charcoal  in  the  oxidating  flame, 
it  simply  evaporates,  to  be  deposited  a  little  way  off  on  the  same  piece  of 
charcoal  unchanged.  If  heated,  however,  in  the  reducing  flame,  it  loses 
oxygen,  and  the  metallic  antimony  set  free  sublimes :  a  portion  of  it 
uniting  with  oxygen  is  again  deposited  as  white  oxide ;  but  the  greater  portion 
is  altogether  dissipated.  If,  instead  of  heating  it  tmmixed,  it  be  incorporated 
with  carbonate  of  soda,  and  exposed  to  the  reducing  flame,  a  bead  of  antimony 
is  speedily  formed. 

To  these  means  of  discrimination,  the  effects  of  blo\vpipe  treatment,  in  con- 
junction with  borax  as  a  flux,  may  be  added.  Heated  in  the  usual  manner 
with  borax  in  a  platinum  loop  in  the  oxidating  flame,  a  clear  yellow  glass 
results,  which,  if  removed  to  tiie  oxidiidng  flame,  soon  becomes  gray  or 
blackish,  owing  to  the  reduction  of  oxide  of  antimony,  and  the  liberation  of 
the  metal.  If,  however,  the  reducing  flame  be  continuously  applied,  the  glass 
becomes  colourless,  simply  on  account  of  the  total  volatilization  of  the 
antimony. 

Qualitative  estimation  of  Antimony  by  the  Dry  Process — Ths  Antimony  Assay. 

The  reduction  of  antimony,  whether  from  the  condition  of  oxide  or  sul- 
phide, is  very  easy ;  but  on  account  of  the  volatility  of  tiie  resulting  metal, 
care  is  requisite  lest  errors  creep  in  from  tiiis  cause.  If  the  problem  be  to 
determine  the  amount  of  antimony  present  in  an  oxide  of  antimony,  the  reduc- 
tion is  easily  effected  by  the  process  of  heating  witii  charcoal ;  but  perhaps 
the  best  means  of  performing  the  ox^eration  consists  in  using  a  crucible  lined 
with,  charcoal,  as  employed  in  tiie  process  of  iron  and  zinc  assaying :  but  if 
the  reduction  of  sulphide  of  autunony  be  in  question,  the  mere  aid  of  char- 
coal is  not  enough.  In  this  case  there  are  two  processes  which  may  be 
recommended,  either  (a)  fusion  with  a  mixture  of  carbonate  of  soda,  iron,  and 
charcoal,  or  (h)  vdih  cyanide  of  potassiiun. 

(a.)  Sulphide  of  antimony  may  be  effectually  decomposed  by  fusion  "with  iron 
alone ;  but  tiie  process  cannot  be  recommended,  because  the  specific  gravities 
c»f  sulphide  of  iron  generated,  and  the  metallic  antimony  reduced,  are  so  nearly 
identical  that  the  two  do  not  well  separate,  except  the  process  of  fusion  be  so 
long  continued  that  portions  of  the  antimony  will  be  lost  by  volatilization. 
Every  100  parts  of  sulphide  of  antimony  require  about  42  parts  iron  filings, 
45  of  carbonate  of  soda,  and  5  of  charcoal.  Instead  of  iron  filings,  iron  nails 
are  sometimes  used,  though  perhaps  yriUi  no  advantage.  Considering  the 
great  volatihty  of  the  metal  antimony,  we  are  disposed  to  believe  that  the 
process  of  reduction  (b)  by  cyanide  of  potassium,  as  recommended  by  Mr. 
Mitchell,  is  superior  to  all  others  in  the  dry  way.  A  mixture  of  four  parts 
cyanide  of  potassium,  and  one  part  sulphide  of  antimony,  being  intimately 
mixed  and  heated  in  a  porcelain  crucible,  reduction  almost  immediately  ensues. 
The  heat  of  a  spirit-lamp  flame,  or  of  a  few  ignited  pieces  of  charcoal,  is  sufii- 
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dent  to  promote  the  reduction.  The  low  degree  of  heat  required  is,  in  point 
of  &ct,  the  greatest  recommendation  of  the  process.  It  will  be  noticed  that 
in  our  statement  of  the  means  had  recourse  to  for  estimating  the  quantity  of 
antimony  present  in  an  oxy-disulphide  by  the  dry  process,  nothing  has  been 
said  about  the  operation  of  roasting,  so  usually  employed  as  the  prehminaiy 
to  the  operation  of  melting,  properly  so  called,  when  metallic  sulphides  are  in 
question.  By  some  operators  the  roasting  of  antimonial  sulphide  is  advised : 
but  this  process  cannot  be  recommended,  seeing  that  the  process  of  reduction 
is  not  difficult  even  without  the  preliminary  process  of  roasting;  and  that 
when  dealing  with  so  volatile  a  metal  as  antimony,  every  process  involving 
the  loss  of  a  portion  should  be  avoided,  except  it  be  an  actual  necessity. 

Bismntli. — ^Bismuth  is  a  brittle  white  metal,  presenting  a  distinct  trace  of 
redness,  by  which  it  is  distuiguished  from  zinc.  Perhaps  no  metal  so  readily  as 
bLsmuth  assumes  the  cr>'stalline  state.  If  some  of  it  be  melted  in  a  crucible, 
or  ladle,  and  allowed  to  cool  partially  until  a  thin  crust  of  consolidated  metal 
coTers  the  surface ;  and  if  now  this  crust  be  pierced,  and  the  crucible  or  ladle 
inverted  so  that  tlie  bismuth  wliich  stiU  remains  fluid  may  escape ;  the  central 
cavity,  when  opened  by  a  cliisel,  will  be  found  to  present  a  congeries  of  beautifal 
crystals  belonging  to  the  rhombohedral  system,  and  the  edges  and  solid  angles 
of  whic^  are  exceedingly  sharp  and  well  defined.  Owing  to  this  ciystalline 
tendency  it  is  that  bismuth  is  useful  as  an  element  of  certain  alloys  used  to 
receive  and  to  impart  well-defined  impressions;  for  example,  the  alloy  of 
which  letter  type  and  stereotype  plates  are  composed.  It  also  is  a  consti- 
tuent of  the  solder  by  which  articles  of  pewter  are  joined,  and  it  enters  into 
the  alloys  termed  fusible  metals ;  the  fasibility  of  some  of  them  is  so  low  that 
they  liquefy  by  the  heat  of  boiling  water,  and  can  be  retained  in  the  molten 
condition  in  a  piece  of  paper  held  over  a  candle.  The  geological  localities  of 
bismuth  are  few  and  circumscribed ;  nearly  all  the  bismuth  of  commerce 
being  derived  fi-om  the  mines  of  Schneeberg  in  Saxony.  The  ore  of  these 
mines  is  bismuth  in  the  native  or  metallic  state, — ^which  condition,  added  to  the 
low  fusibility  of  the  metal,  renders  the  process  of  bismuth-smelting  on  the 
large  scale  more  simple  than  the  operation  of  smelting  any  other  ore.  The 
mere  appH^ation  of  heat  is  required  without  the  admixture  of  any  flux ;  and 
the  process  is  efficiently  conducted  in  cast-iron  cylindrical  retorts. 

Nevertheless,  the  bismuth  thus  immediately  produced  is  not  quite  pure ;  it 
is  contaminated  with  arsenic,  iron,  and  traces  of  other  metals,  from  all  of 
which  it  may,  however,  be  separated  by  fusion  with  a  Httle  nitre. 

Native  bishiuth  occurs  in  octohedrons  (rhombic)  belonging  to  the  rhombo- 
hedral system.  The  peculiar  reddish-white  colour  of  these  crystals  is  a 
strildng  mineralogical  feature.  Native  bismuth  is  usually  found  in  combina- 
tion with  ores  of  silver,  zinc,  lead,  cobalt,  and  nickel. 

Although  natire  bismuth  is  the  only  commercial  source  of  the  metal,  there 
are  also  brown  sulphide  of  bismuth  ;  silicate  of  bismuth ;  a  mixed  sulphide  of 
bismuth,  copper,  and  lead,  constituting  the  ore  known  as  acicular  bismuth ; 
tetradymite,  a  compound  of  tellurium  and  bismuth;  native  oxide,  and  native 
carbonate  of  bismuth. 
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Chemical  Characteristics. 

The  most  striking  chemical  characteristic  of  4)ismuth  is  its  property  of 
dissolving  in  strong  nitric  add,  and  the  solution  yielding,  when  mixed  with 
water,  a  white  precipitate  (subnitrate  of  the  oxide  of  bismuth).  It  may  be 
thrown  down  by  hydrosulphuric  acid  as  a  sulphide,  or  by  potash  solution  as 
an  oxide.  The  latter  being  calcined  in  a  porcelain  crucible,  and  weighed, 
the  chemist  is  enabled  to  determine  the  amount  of  bismuth  formed ;  every 
100  parts  of  oxide  corresponding  with  89*86  of  the  metal. 

Furnace  Estimation  of  Bismuth — The  Bismuth  Assay. 

This  operation  is  so  precisely  similar  to  the  process  already  described  as 
proper  for  the  assay  of  lead,  that  no  more  explicit  directions  require  to  be 
giyen.  Theoretically,  no  flux  should  be  required ;  nevertheless,  practically,  a 
mixture  of  borax  and  black  flux  should  be  always  employed. 

Cobalt. — The  peculiarity  of  cobalt  in  imparting  a  fine  blue  colour  to 
borax,  acted  upon  in  the  blowpipe  flame,  is  so  extremely  characteristic,  that 
the  metallurgist  will  rarely  have  to  gain  the  desired  information  by  more 
elaborate  means.  This  peculiarity  may  be  impressed  on  the  memory,  if  ne- 
cessary, by  reflecting  that  preparations  of  cobalt  are  the  pigments  used  for 
imparting  blue  tints  to  ceramic  ware.  This  metal,  and  also  nickel,  hardly 
belong  to  the  category  of  mineral  furnace  assaying.  The  moist  or  laboratory 
processes  of  accompHshing  their  reduction  and  subsequent  estimation  are  as 
satisfactory,  though  associated  with  difficulties,  as  the  furnace  methods  are 
unreliable.  To  obtain  a  solution  of  cobalt  unmixed  with  nickel,  where  the 
two  metals  are  originally  associated,  is  one  of  the  most  difficult  operations 
of  mineral  analysis ;  but  having  once  obtained  a  pure  solution,  the  metal  can 
readily  be  thrown  down  in  the  condition  of  oxide  by  addition  of  caustic 
potash,  and  the  dried  oxide  can  easily  be  reduced  to  the  metallic  state  by 
heating  it  in  a  gloss  tube,  through  which  a  current  of  hydrogen  gas  is  main- 
tained. Cobalt  solutions,  the  operator  should  remember,  are  not  capable  of 
precipitation  by  hydrosulphuric  acid;  they  are,  however,  precipitated  by 
hydrosulphate  of  ammonia.  A  similar  remark  applies  to  solutions  of  iron, 
manganese,  and  uranium. 

MickeL — ^This  brilliant  white  metal,  now  so  much  employed  in  the 
manuflBM^ture  of  albata,  or  German  silver,  is  chiefly  obtained  from  the  ore 
termed  kupfemickel.  It  usually  is  a  mixture  of  nickel  and  arsenic,  but 
sometimes  of  nickel  and  antimony.  The  solutions  of  nickel  are  for  the  most 
part  blue  or  green,  somewhat  in  this  respect  resembling  those  of  copper, 
from  which,  howeyer,  they  may  be  disconnected  by  the  circumstance  of  their 
non-precipitation  by  hydrosulphuric  acid;  and  then  yielding  with  ferrocyanide 
of  potassium  a  bluish  precipitate,  whereas  solutions  of  copper  yield  a  pre- 
cipitate which  is  of  a  mahogany  brown  colour.  Nickel  is  determined,  quan- 
titatively, exacUy  like  cobalt — i.e.  by  throwing  it  down  as  oxide  by  addition 
of  pota^  solution,  and  subsequent  reduction  of  the  oxide  by  hydrogen  and 
heat. 
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CHAPTEK  V. 

THE  DISGOYEBT  OF  MINES  AND  MINING  OPERATIONS. 

The  surfiEUie  of  our  globe  consists  of  an  aggregation  of  mineral  substances, 
Tarying  both  in  their  chemical  and  mechanical  structure.  Among  these  sub- 
stances, what  we  have  ventured  to  call  the  Useful  Metals — designating  under 
that  texm,  Iron,  Copper,  Tin,  Lead,  Zinc,  and  some  other  alloys  of  these — 
are  unirersaUy  diffused  over  the  earth's  surface ;  either  in  the  stratijBed  or 
aon-stratified  state.  In  the  former  case,  presenting  regular  laminated  beds,  or 
layers,  at  times  horizontal,  at  others  at  a  considerable  angle  with  the  horizon, 
and  occasionally  curved  and  irregular  in  their  form ;  in  the  case  of  non- 
stratified  formations,  indicating  a  tendency  to  a  crystalline  structure,  as  if  the 
mass  had  been  fused,  and  allowed,  by  slow  cooling,  to  group  itself  according 
to  its  natural  affinities. 

The  terms  Primary,  Secondary,  and  Tertiary  formations  were  formerly 
uitod  by  geologists  to  describe  the  rocks  Vhich  form  the  crust  of  the  earth  ; 
the  first  being  applied  to  tjte  crystalline  rocks.  To  the  sedimentary  formations 
the  term  Secondary  was  long  applied ;  but  it  was  found  necessary,  as  our 
knowledge  «f  the  earth's  formation  increased,  to  divide  this  class  into  nine 
groups — ^namely,  transition,  secondaiy,  and  tertiary ;  the  first  being  applied 
to  the  lower  stratified  rocks,  which  contain  traces  of  crystaUine  minerals, 
wbUe  the  others  embrace  the  more  recent  stratified  formations.  Modem 
science  has,  however,  nearly  superseded  this  classification,  adopting  a  more 
minute  and  specific  nomenclature. 

In  exploring  a  country  for  mineral  veins,  it  is  to  be  borne  in  mind  that 
those  ores  which  are  most  valuable  in  metallurgic  operations,  are  seldom 
found  on  the  sur&ce ;  they  are,  in  most  instances,  buried  beneath  the  soil, 
and  penetrate  the  solid  rock,  often  to  a  considerable  depth.  Mineral  veins 
are  chiefly  found,  either  in  the  primitive  rocks  or  in  the  adjoining  transition 
deposits ;  they  are  often  nearly  perpendicular  in  their  direction,  in  which 
oase  there  is  little  to  induce  the  miner  to  follow  them. 

In  the  mining  districts,  there  are  certain  tochnical  terms  in  use  which  we 
shall  have  occasion  to  repeat,  and  which  we  shall  here  explain.  The  hde  is 
the  vein  of  metallic  ore,  which  it  is  the  object  of  the  miner  to  obtain,  and 
the  rock  in  which  the  lode  occurs  is  called  the  country ;  while  the  veins  which 
are  unproductive  are  called  cross  courses.  The  dip  or  inclination  of  the 
vein  to  the  horizon  is  the  hade  slope  or  underlie ;  its  intersection  with  the 
surface  constitutes  what  is  caUed  its  run,  or  direction.  When  the  vein 
divides  into  smaller  portions,  they  are  termed  strings ;  and  when  these  veins 
become  much  attenuated,  they  are  termed  threads.  In  following  the  ca^dty 
which  contains  the  lode,  the  two  sides  which  regulate  ite  thickness  are 
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called  ihe  waUsy  the  top  being  the  hanging-waU,  or  sod ;  while  the  bottom  of 
the  bed  is  i^efoot-waU,  or  floor  of  the  bed. 

Local  dislocations  and  misplacements  of  strata  are  often  fonnd,  which  are 
here  and  there  interrupted  by  fissures  which  have  been  filled  up  by  mineral 
deposits.  These  fissures  run  across  aU  the  strata  of  the  formations,  inter- 
cepting the  lodes  nearly  at  right  angles.  They  are  rarely  metalliferous ;  or 
if  they  contain  mineral,  it  is  rarely  of  the  same  kind  as  those  occurring  in  the 
other  lodes.  These  interceptions  frequently  produce  faults  or  $Ude»^ — terms 
applied  to  the  rock  which  fills  the  fissure,  the  rock  being  termed  a  dyk$. 
The  complications  produced  hyfavlti,  firequentiy  impede  most  materially  th» 
operations  of  the  miner.  The  mineral  substance  which  constitutes  th» 
original  lode,  and  the  rock  above  and  below,  being  often  mixed  together, 
the  former  thrown  more  or  less  out  of  its  primitive  direction  by  the  sinking  or 
upheaving  of  one  of  the  walls  of  the  more  recent  vein — ^the  whole  cha- 
racter of  the  bed  undergoes  a  material  change  by  one  portion  completely 
overlapping  the  other.  As  veins  are  most  productive  at,  or  near  the  points 
where  these  substances  occur,  the  metalliferous  mass  on  which  the  miner 
had  been  engaged  is  completely  lost  on  comming  to  one  of  these  cross  veins, 
and  it  is  frequentiy  a  work  of  great  difficulty  to  recove#  it  again.  The  first 
object  to  be  ascertained  in  searching  for  the  dislocated  vein,  is  the  direction 
in  which  the  wave  has  taken  place,  whether  to  the  right  or  to  the  left  hand ; 
from  analogy  the  miner  is  generally  enabled  to  arrive  at  a  correct  conclusion 
on  this  head.  Continuing  his  level  upon  the  cross  vein  in  the  direction  he 
has  chosen,  if  he  has  been  correct  in  his  calculations,  the  metalliferous  vein 
will  be  again  met  with  on  the  opposite  side,  when  the  level  is  continued  as 
before.  If  the  search  requires  to  be  continued  for  a  long  distance  without 
success,  he  is  probably  at  fault,  and  it  will  be  necessary  to  drive  in  another 
direction  until  the  vein  is  found.  The  faults  which  interrupt  the  coal  beds 
are  principally  soft  clay,  mixed  with  boulders ;  at  times  of  trap  or  porphyry. 

The  great  coalfields  in  the  vicinity  of  Newcastieon-Tyne,  are  covered  by 
a  thick  layer  of  sandstone.  On  the  south  bank  of  the  Tyne,  ther3  is  a 
ridge  which  lowers  the  bed  by  90  feet,  whence  it  is  raised  in  nearly  a  right 
angle  about  80  yards  above  the  surface  by  the  fault,  so  that  only  the  lower 
strata  are  visible.  It  sinks  again  66  feet ;  and  then  runs  almost  horizontally 
to  a  tremendous  fault  which  lowers  tlie  entire  bed  280  yards,  whence  it 
gradually  rises  again.  The  same  thing  occurs  in  the  coal-field  at  Bon- 
champ,in  the  department  of  the  Upper  Saone.  These  valuable  beds  are 
suddenly  interrupted  by  a  mass  of  porphyry  in  a  direction  forming  a  very 
slight  angle.  In  the  plains  of  Champagne,  on  the  other  side  of  the  inter- 
ruption, a  continuation  has  been  found  of  the  red  sandstone,  which  forms 
the  roof  of  the  coal-bed,  and  at  a  short  distance  the  porphyry  is  again  found ; 
but  not  the  coal-bed. 

Szperimental  Works.— The  existence  of  mineral  beds  or  veins  is 
usually  indicated  by  observing  attentively  the  fragments  of  ore  carried  down 
by  the  action  of  the  running  water.  In  following  such  indications,  it  is 
necessary  to  distinguish  between  heavy  and  light  ores,  between  friable  and   I 
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hard  materials.  Anthracite  coal  may  be  canied  a  great  distance  without 
losing  much  of  its  form,  while  bituminous  coal  will  not  go  any  distance 
without  losing  its  peculiar  characteristics;  galena  may  be  carried  a  great 
distance,  but  it  is  liable  to  be  broken  into  small  cubes  by  the  action  of  the 
water.  Useful  iron  ores  are  never  carried  far  by  the  currents,  being  too 
tender  for  such  transport.  Tin  ores  are  often  found  in  alluvial  gravel, 
.bedded  upon  rock,  and  protected  by  layers  of  gravel ;  other  ores  are  too 
friable  to  be  carried  by  water,  and  too  oxidizable  to  resist  long  the  action  of 
the  oxygen  of  the  atmosphere  for  any  length  of  time.  Where  such  specimens 
are  found,  therefore,  there  must  be  a  vein  at  hand. 

In  the  absence  of  other  and  more  obvious  indications  of  mineral  deposits, 
but  where,  nevertheless,  there  are  reasonable  grounds  to  believe  in  their 
existence,  excavation  becomes  necessary.  The  general  direction  of  the  lodes 
of  the  neighbourhood  having  been  ascertained  from  the  workings  in  other 
mines  in  the  district,  a  series  of  pits  are  sunk  at  right  angles  to  the  run  of 
the  veins.  This,  in  the  language  of  the  Cornish  miner,  is  called  shodeing  or 
cotteening,  and  the  pits  "  shode-pits :"  terms  which  will  be  described  presently. 
Having  ascertained  the  existence  of  a  veia  of  mineral,  the  next  point  for 
consideration  is  the  nature  of  the  ore  and  its  value.  For  this  purpose  it 
must  be  assayed  for  its  quality,  and  if  possible  this  should  be  in  the  smelting- 
furnace,  and  on  a  scale  of  sufficient  magnitude  to  afford  a  fair  test  of  its 
quality. 

As  in  Devon  and  Cornwall  more  extensive  mining  operations  for  obtain- 
ing metallic  minerals  are  carried  on  than  in  any  other  district  of  similar 
extent  in  the  world,  tlie  practice  adopted  there  may  fau*ly  be  taken  as  a 
standard  for  operations  elsewhere.  Indeed,  the  Cornish  miner  is  usually 
sought  for  as  the  guide  and  manager  in  all  foreign  mining  adventures  under- 
taken by  British  companies. 

The  discovery  of  suitable  localities  for  mining  operations  is  effected  in 
various  ways.  Tin  and  iron  ores  are  more  commonly  discovered  by  shode- 
ing; copper,  lead,  and  sometimes  tin,  by  costeening.  Wherever  granite 
occurs  in  the  neighbourhood  of  killas,  keUas  or  clay-slate,  the  presence  of 
metallic  minerals,  principally  copper  and  tin,  in  veias  running  east  and 
west,  or  nearly  so,  may  be  expected ;  when  at  a  distance  more  remote  from 
the  granite,  and  in  veins  running  north  and  south,  or  nearly  so,  minerals  con- 
taining lead  may  be  expected.  Supposing  a  stone,  containing  tin,  which  is 
easily  recognized  by  its  superior  weight,  to  have  been  discovered  in  a  valley, 
or  on  the  side  of  a  hill,  it  would  be  termed  a  shode-stone ;  and  a  search  under- 
taken to  discover  its  original  site  would  be  termed  shodeing.  Of  course,  if 
found  on  the  side  of  a  hill,  it  would  fairly  be  presumed  ^at  it  had  been 
washed  there  &om  a  point  higher  up ;  therefore,  according  to  the  contour  of  the 
hill,  the  search  should  be  directed.  It  is  not  always  necessary  that  the  shode- 
stone  should  contain  the  metal  actually  sought  for ;  it  may  be  sufficient  to 
have  found  the  most  common  companion  of  it.  Commencing  at  the  original 
place  of  discovery,  similar  stones  are  sought  for,  and  ^vill  be  found  more  and 
more  numerous  as  the  lode  from  which  they  were  originally  poured  forth  is 
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approached.  The  term  shode  is  derived  from  schutten  (Teutonic),  to  ponr 
forth.  The  lode  having  been  reached  and  passed,  all  appearance  of  shode- 
stones  will,  of  course,  disappear,  and  the  miner's  steps  must  he  retraced.  The 
vicinity  of  the  lode  having  been  ascertained,  the  lode  itself  is  identified  by 
sinking  a  few  shode-pits  in  order  to  discover  from  the  stratum  or  shelf  im- 
mediately below  the  soil,  or  meat  earth,  surer  indications  of  its  proximity. 
It  rarely  happens  that  a  lode  is  found  in  a  perfect  state  close  to  the  surface. ' 
A  perfect  lode  should  present  the  appearance  of  a  fissure  in  the  rock,  con- 
taining, between  two  distinct  walls  or  faces,  deposits  of  earthy  and  metallic 
minerals  differing  entirely  in  character  from  the  rock  itself,  and  principally 
characterized  by  the  constituents  presenting  a  more  or  less  crystalline  form. 
Instead  of  this,  the  prolonged  action  of  water  and  atmospheric  agencies 
appears  to  have  caused  more  or  less  the  decomposition  of  the  lode,  and  of 
the  containing  rock  or  countryy  which  have  been  broken  up  and  mingled 
together ;  and  thus  has  been  produced  the  bryle  or  broil  of  the  lode,  from 

which  the  shode-stones  have  rolled 
away,  and  the  discovery  of  the  lode 
itself  brought  about,  as  shown  in  the 
annexed  engraving  (Fig.  1). 

The  older  miners  declare  that  the 
search  for  shode-stones,  in  some  in- 
stances, has  originated,  not  with  the 
finding  of  a  stone  of  ore,  but  from  cer- 
tain appearances  of  dancing  lights,  or 
hvming  drakes  as  they  are  called,  resembling  mllo'-the-wisps,  which  have 
been  repeatedly  observed  at  intervals  over  a  particular  line  of  country.  Al- 
though we  cannot  at  present  account  for  these  phenomena,  such  observa- 
tions are  worthy  of  being  registered,  seeing  the  important  discoveries  now 
being  made  in  the  relations  existing  between  magnetism  and  voltaic  and  Mc- 
tional  electricity,  which  may  throw  valuable  light  upon  such  observations, 
and  render  them  of  practical  utility. 

It  is  believed  by  many  of  the  most  intelligent  mining  adventures  in 
Cornwall,  that  some  of  the  most  valuable  mines  in  the  coimty  have  been  dis- 
covered through  the  agency  of  the  vvlgita  dtvinatoriay  the  divining  or  dowsc- 
ing-rod.  Tliis  instrument  is  cemposed  of  two  pieces  of  hazel-twig  tied  together 
with  pack-thread  or  twine,  the  root-ends  being  brought  together,  and  the 
smaller  being  held  in  the  hands.  Hazel-rods,  cut  in  tiie  winter  and  dried,  are 
said  to  answer  best ;  but  apple-tree  suckers,  or  t"\\ngs  of  peach-tree,  plum, 
currant,  willow,  or  oak,  even  if  green,  will  answer  tolerably  well.  If  tied 
with  silk,  worsted,  or  hair,  it  will  not  act.  The  rod  is  said  to  act  in  any 
hands,  but  much  more  energetically  with  some  than  with  others. 

The  land  to  be  examided  is  explored  by  the  dowser  walking  slowly  over 
it  from  north  to  south,  holding  the  rod  in  his  hands ;  not  perpendicularly, 
but  at  an  angle  of  70°.  When  approaching  the  lode,  tlie  rod  feels  loose  in 
the  hands,  and  is  repelled  towards  the  face  ;  on  being  brought  to  its  former 
position  it  is  again  repelled,  until  the  foremost  foot  is  over  the  lode,  when  it 
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will  be  irresistibly  drawn  down ;  and  in  this  position  it  will  continue  until  the 
lode  is  passed  over,  when  the  repulsion  will  be  8{(ain  perceiyed.  Most  of  our 
readers  will  remember  the  **  divining-rod,"  and  the  German  adept  Douster- 
Bwiyeli  so  admirably  delineated  in  the  **  Antiquaiy/'  and  marvel  to  find  the 
superstition  gravely  repeated  in  our  day  as  one  actually  practised. 

The  distance  between  the  point  of  appearance  and  disappearance  of  the 
depression,  indicates  the  thifiknefls  of  the  lodes.  The  course  of  the  lode  may 
also  be  traced  by  walking  in  zig-zag  lines  over  it.  This  method  of  discovering 
the  couise  of  lodes,  if  in  practised  hands,  is  indisputably  of  great  practical 
value,  and  renders  efficient  service  where  shodeing  cannot  be  adopted,  for  aU 
lodes  or  veins  are  not  alike  effected  by  the  agencies  already  referred  to,  some 
of  them  remaining  comparatively  unaffected,  and  producing  no  shode-stones. 
A  more  certaiu  plan  than  that  of  sinking  shode-pits  at  intervals,  is  to  drive  a 
cutting  open  to  the  grass,  two  or  three  feet  throu^  the  shaft;  thus  all  the 
lodes  within  the  bounds  of  the  exploration  may  be  at  once  discovered. 

The  place  of  the  lode  having  been  discovered  by  shodeing,  it  is  necessary 
in  the  next  place  to  determine  the  line  in  which  it  runs ;  and  this  is  most 
commonly  done  by  costeening — that  is,  by  sinking  pits  down  to  the  rock  at 
such  distances  from  each  other  as  to  verify  the  supposed  direction  of  the 
lode.  This  term  is  deiiyed  £rom  Colhas  stean  or  dropt  tin.  The  locality  and 
direction  of  a  lode  has  not  unfrequently  been  determined  by  the  peculiar 
appearance  of  the  herbage  covezing  the  surface ;  sometimes  by  the  colour  of 
the  freshly-ploughed  soil ;  or  by  the  character  of  the  water  issuing  from 
adjacent  springs.  The  sinking  of  wells,  the  cutting  of  roads,  excavations  of 
races  for  water-wheels,  the  accidental  exposure  of  the  rock  from  the  washing 
of  the  sea  or  of  fresh- water  streams,  and  the  occasional  washing  of  the  peb- 
bles from  the  sea-shore,  have  been  among  the  most  common  means  of  disco- 
vering mines.  In  the  neighbourhood  of  Tavistock,  some  valuable  mines  were 
discovered  in  cutting  a  tunnel  for  the  canal  from  that  town  to  the  banks  of 
the  Tamar.  Sometimes  in  driving  adit-leyels  for  the  working  of  a  new  mine, 
lodes  are  cut  into  much  more  valuable  in  their  produce  than  the  one  which 
originated  the  work,  but  of  which  no  trace  had  ever  presented  itself  at  the 
surfiace.  A  lode  or  series  of  parallel  lodes  having  been  discoyered,  and  the 
character  of  their  mineral  contents  satisfiactorily  ascertained,  it  is  necessary, 
before  detennining  to  commence  mining  operations,  to  consider  the  localitjr 
and  resources  of  the  district ;  whether  sufficient  water  can  be  obtained  for 
dressing  the  ores,  and  driving  machinery ;  and  whether  the  roads  or  other 
means  of  conveyance  will  allow  of  the  necessary  materials  being  obtained 
for  working  the  mine,  and  of  the  ores  being  conveyed  to  market  at  such  a 
cost  as  will  admit  of  profit.  These  are  all  considerations  to  be  borne  in  mind 
before  commencing  operations. 

As  lodes  frequently  extend  many  miles,  the  discovery  of  the  combin* 
attotts  of  a  lode  on  which  a  celebrated  mine  may  have  been  successfully 
worked,  is  often  regarded  as  sufficient  inducement  to  incur  a  very  large  out- 
lay of  capatal  in  its  exploration :  even  without  the  ore  having  been  found,  or 
any  other  indication  than  that  of  a  kindly  gozzan  or  gossan,  which  is  com- 


Digiti 


ized  by  Google 


86 


UNPERLIE   OF  THE   LODE. 


monly  a  spongiform  mass  of  quartzose  stone,  containing  loose  ferruginous 
coatings,  the* probable  remains  of  decomposed  sulphurets  of  copper  and  iron. 
Sometimes  a  sprinkling  of  crystals  of  mundic  or  iron  pyrites  may  be  observed ; 
and  on  chemical  analysis,  traces  of  copper  may  be  discovered. 

For  a  long  time  it  was  held  that  copper  could  not  be  found  in  quantites 
to  pay,  to  the  eastward  of  Truoro  bridge.  The  prevalence  of  this  crude 
notion  tended  long  to  confine  explorations  for  the  ore  of  this  metal ;  but  the 
rapid  development  of  mines  of  the  most  important  character  throughout  the 
eastom  part  of  Cornwall,  and  the  western  districts  of  Devonshire,  have  given 
miners  greater  confidence  in  applying  the  principles  of  mining  to  the  ex- 
ploration of  new  districts,  instead  of  adhering  to  old  localities  simply  on 
account  of  their  acquired  character  and  ancient  traditions. 

The  direction  of  the  lode  having  been  ascertained,  it  is  in  the  next  place 
necessary  to  determine  the  direction  and  amount  of  dip  or  underlie  of  the 
lode — whether  it  be  from  north  to  south,  or  vice  ver$d ;  also  how  many  inches 
or  i^et  per  fathom  it  is  out  of  the  perpendicular  in  its  descent.  According 
to  the  character  of  the  ground,  or  country,  it  is  to  be  determined  whether  to 
sink  a  shaft,  or  to  drive  up  an  adit-level  from  the  nearest  valley,  so,  as  to  cut 
the  lode  at  twenty,  thirty,  or  forty  fathoms  from  the  surface,  and  thus  at  once 

to  ascertain  the  quality  of  the  lode.  If 
the  ground  be  easy  to  sink  through,  it 
may  be  considered  best  to  sink  at  once 
a  shaft,  because,  as  it  goes  down,  it 
affords  the  opportunity  of  setting  a 
greater  number  of  men  at  work  at  dif- 
ferent levels,  as  may  be  seen  from  the 
annexed  sketch  (Fig.  2).  As  soon  as 
the  shaft  is,  say,  twenty  fathoms  in 
depth,  the  driving  of  a  level  to  cross- 
cut the  lode  at  a  may  be  commenced ; 
at  thirty  fathoms  the  lode  itself  may 
be  cut  and  simk  through,  passing  on 
to  another  ten  fathoms  in  depth.  By 
driving  an  adit-level,  as  at  6,  to  cut  the 
lode,  less  machinery  will  be  required,  as  the  water,  which  is  tlie  principal 
difficulty  the  miner  has  to  contend  with,  will  run  away  of  itself;  and  thus 
although  it  may  be  necessary  to  excavate  a  very  much  larger  quantity  of 
ground  to  reach  the  lode,  it  may  be,  and  indeed  generally  is,  less  expensive  to 
cut  the  lode,  by  driving  the  adit-level,  than  to  sink  the  shaft.  This  is  more 
especially  tlie  case,  seeing  that  even  after  the  lode  has  been  cut  by  the  shaft, 
the  adit  level  ^vill  be  necessary  to  run  off  the  water,  if  further  operations  be 
determined  on. 

The  sinking  of  the  main  or  sump-shaft,  and  the  driving  of  the  adit  level, 
are  the  two  most  important  operations  in  mining.  The  object  of  the  former 
is  to  provide  access  to  the  lode  at  different  depths,  for  the  conveyance  of 
labour  and  materials,  for  the  extraction  of  the  ores,  and  for  the  removal  of  the 
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Fig.S. 


water  by  machinery.  The  object  of  the  latter  is  to  provide  for  the  removal  of 
water  by  preparing  an  outlet  for  it  at  the  lowest  possih^  point,  so  as  to  pre- 
vent the  expense  necessary  for  lifting  it  to  the  surface  of  the  mine  by  means 
ofpmnps. 

If  the  main  shaft  of  a  mine  be  100  fathoms  in  depth,  and  there  be  an  adit- 
level  at  40  fathoms,  the  water  will  have  to  be  lifted  only  70  instead  of  100 
fathoms.  By  the  co-operation  of  many  mines  a  great  permanent  saving  of 
expenditore  may  be  efiected  by  directing  the  adit-level  of  each  mine  into  one 
main  adit,  by  which  it  may  be  made  to  serve  instead  of  having  a  separate  one 

for  each  mine.  By  refer- 
ence to  the  annexed  dia- 
gram (Fig.  8)  this  arrange- 
ment will  be  easily  imder- 
stood. 

Supposing  a  district  of 
some  miles  in  extent  to  be 
here  represented,  A  B  will 
be  the  main  adit,  GDE 
three  mines  at  different 
elevations,  £  having  dri^ 
ven  up  a  main  adit  from  B 
to  B*  its  own  main  shaft  ; 
by  a  continuation  of  it  to  the  shafts  of  D  and  0,  these  two  mines  will  be  able 
to  discharge  their  water  at  the  level  A  B  instead  of  at  D  and  E. 

The  advantages  of  this  method  of  working  are  well  shown  at  the  United 
Mines  near  Bedruth,  where  a  main  adit  has  been  driven  between  four  and 
five  miles  in  length,  into  which  branches  from  between  forty  and  fifty  mines 
have  been  opened.  It  is  carried  from  a  point  only  a  few  feet  above  high-water 
mark.  With  all  its  branches,  its  extent  is  between  thirty  and  forty  miles. 
Its  greatest  depth  from  the  surface  is  seventy  fathoms,  but  the  average  is 
about  thirty  fftthoms.  By  this  work  the  expense  of  machinery,  and  of  coals 
necessary  for  lifting  the  water  of  all  these  mines  thirty  fathoms  in  height, 
which  has  been  calculated  at  24,000  tons  of  coal  per  annum,  are  saved ;  so 
that  for  coals  alone  a  saving  has  been  effected  of  ^19,000  per  annum.  This 
magnificent  undertaking  was  commenced  in  1748,  and  completed  in  1768. 

The  sinking  of  the  main  shaft,  and  the  driving  of  the  adit-level,  may  with 
advantage  be  conducted  at  the  same  time;  for  it  not  unfrequently  happens 
that  the  adit-level  draws  off  much  of  the  water  that  would  otherwise  have  to 
be  raised  to  the  surfSace ;  it  also  affords  the  opportunity,  after  it  has  been 
driven  up  to  the  point  under  the  sinking  shaft,  of  setting  pairs  or  cores 
(c(H:ps)  of  men  at  work  to  expedite  the  formation  of  the  shaft,  by  rising  up 
towards  the  men  at  work  above.  This,  of  course,  can  only  be  done  where 
the  ground  is  sufficiently  compact;  but  if  this  cannot  be  done,  the  adit-level 
having  been  driven  up  to  the  lode,  two  different  sets  of  men  can  almost  im- 
mediately be  set  at  work  upon  the  lode  right  and  left  to  extract  its  contents. 
Where  the  mine  is  rich  in  metallio  ore,  it.  may  immediately  become  pro- 
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ductive  of  profit.  Frequently  adit-levels  are  used  not  only  for  tbe  dxaanag* 
of  the  mine,  but  also  for  permanently  working  as  a  toimel  for  the  eztzaotioii 
of  the  ores  without  any  main  shaft. 

When  this  is  the  case,  the  level  is  made  larger  to  provide  for  the  perma- 
nent traffic  over  the  tramway  laid  for  running  the  waggons  in  and  out  of  Uie 
mine.  This  tunnelling  is  commonly  driven  through  rock  or  eoufUry  saffi- 
ciently  solid  to  support  itself;  but  where  the  ground  is  soft,  it  is  most  com- 
monly supported  with  timber,  more  rarely  with  masonry.  The  work  of  Qm 
miner  in  driving  an  adit  is  comparatively  simple,  consisting  principally  of 
pickwork,  boring  and  blasting  with  gunpowder,  and  removing  the  atUe  or 
waste  in  wheelbarrows  or  waggons.  When  the  level  is  beiog  driven,  in  order 
to  meet  a  shaft,  these  simple  operations  have  to  be  conducted  with  care,  in 
accordance  with  the  directions  of  the  superintending  captain,  who  marks  out 
the  course  to  be  followed  by  carefully  dialling  the  ground;  for  this  purpose 
he  employs  a  theodolite  mounted  over  a  large  mariner's  compass.  The  most 
carefdl  dialling  is  required  where  an  adit-level  has  been  driven  forward  to 
the  point  below  a  shaft  iu  course  of  sinking,  and  it  has  been  determined  to 
work  upwards  to  meet  the  miners  sinking. 

As  it  is  of  the  utmost  importance  that  the  main  shaft  should  be  perpoi- 
dicular  on  all  four  sides,  in  order  to  produce  perfect  work,  both  parties  must 
be  working  round  a  common  central  perpendicular  line,  which,  however, 
cannot  be  determined  until  a  communication  is  opened  between  the  sinking 
and  the  rising  miners.  Although  the  operation  requires  great  case,  it  is  very 
seldom  that  any  error  occurs.  The  size  of  the  main  or  tump  shaft  of  a  mine  is 
determined  by  the  purposes  for  which  it  is  intended  to  be  employed.  More 
commonly  it  is  used  only  for  pumping  up  the  water,  but  it  is  also  sometimeB 
used  by  being  parted  off  with  timber  into  compartments  for  footway  puzposea» 
and  for  the  raising  of  the  ores.  As  it  is  sunk,  at  least  in  the  upper  part,  it  is 
always  careftilly  timbered ;  but  frequently  in  depth,  the  ground  or  countiy 
becomes  sufficiently  compact  to  render  this  unnecessary.  As  soon  as  the 
sinking  of  a  main  shaft  is  commenced,  it  is  necessary  to  erect  a  (xnuU-houae 
and  store  for  materials,  a  powder-house,  and  a  carpenter's  and  blacksmith's 
shop.  At  first  a  common  windlass  and  a  pair  of  buckets  are  used,  worked 
by  hand,  for  bringing  the  water  and  rubble  to  the  sur&oe  or  grass ;  but  while 
the  sinking  is  going  on,  a  perpendicular  windlass  or  whim  is  erected  for  the 
implication  of  horse>power,  so  as  to  lift  about  three  hundredweight  at  a  time 
in  iron  buckets  or  Idbbles.  As  the  deepening  progresses,  the  water  increases* 
sometimes  so  rapidly  that  the  labour  of  die  miner  is  of  necessity  suspended 
until  the  aid  of  the  steam-engine  or  water-wheel  can  be  obtained* 

Igiwing  Oyeiatlinuk — The  square  form  of  the  shaft,  while  it  absorbs 
more  timber,  and  is  of  a  weaker  section  than  the  circular,  affords  great  fedli- 
ties  for  timbering  up  weak  places.  This  is  done  by  a  series  of  dose  vertmal 
timbers,  maintained  in  position  and  strengtiiened  at  intervals  of  a  few  feet  by 
interior  frames,  made  of  logs  of  Norway  timber.  The  quantify  thus  annually 
consumed  in  mining,  in  Cornwall  and  Devon  alone,  is  estimated  to  amount  te 
a  million  and  a  half  cubic  feet    For  fifteen  or  twenty  fathoms*  a  wooden  winA- 
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law,  wrought  hj  hand,  senrea  to  draw  np  the  broken  material  and  let  down 
gneh  articles  as  may  be  required. 

Below  this,  the  sinking  is  prosecuted  for  a  few  feOhoms  by  a  horse-whim, 
or  gin,  as  it  is  termed  in  the  northern  districts.  The  sinking  of  a  shaft 
through  hard  ground,  is  a  tedious  and  costly  operation.  When  prosecuted 
day  and  night  continuously,  a  few  feet  is  all  that  ten  or  twelve  men  can  pene- 
trate in  two  months.  The  outlay,  under  such  drcumstauoe,  often  amounts 
to  i650  or  £60  per  fathom.  Gunpowder  is  in  constant  requisition  to  dislodge 
the  rock,  which  not  unfrequently  is  so  hard  as  to  require  the  entire  quantity 
to  be  blasted,  a  small  fragment  at  a  time.  The  tools  used  by  the  miner  are 
not  numerous,  comprising  the  heavy  steel-pointed  pick,  shovel,  wedges,  or 
gads,  chisel,  or  bowyers  (borers),  hammer,  and  the  small  instruments  required 
in  drilling.  The  operations  in  siuking  are  principally  confined  to  drilling  the 
rock  and  blasting,  disposing  the  charges  of  powder  in  such  manner  that  the 
effects  of  successiYO  blastings  shall  cany  the  shaft  down  the  required  dimen- 
sioDs  without  largely  employing  the  wedge  and  pick.  This  is  done  by  dxiU- 
ing  at  the  bottom  of  the  shaft,  in  such  a  manner  as  shall  clear  away  the 
largest  amount  of  obstructive  rock,  with  the  greatest  economy  of  labour  and 
material  The  broken  ground  is  filled  into  iron  buckets,  or  kibbles,  and 
drawn  to  the  surface.  A  sketch  of  the  horse-whim  by  which  this  is  generally 
done  in  shallow  mines,  is  appended  in  Fig.  4. 


Fig.  4. 

The  chisel  for  dxilling  rocks  consists  of  a  steel-p<nnted  bar,  one  to  one  inch 
and  a  half  wide  at  the  point,  and  three  to  five  feet  long ;  this  is  held  firmly  in 
the  hand  by  one  man,  and  struck  on  the  head  with  the  hammer  by  another ; 
between  each  blow  it  is  turned  partly  around,  to  clip  off  a  fresh  bit  of  rock. 
Lately,  with  great  economy  of  material,  the  borer  has  been  made  entirely  of 
steeL  If  the  rock  is  of  medium  hardness,  an  hour  or  two  suffices  to  drill  it  to 
a  depth  of  two  or  three  feet.  In  the  hardest  rocks,  the  same  number  of 
inches  is  a  common  rate.  Water  is  used  in  some  districts  to  facilitate  the 
action  of  the  drill;  in  others  the  operation  is  a  dry  one.  When  drilled  to  the 
required  depth,  the  hole  is  dried  with  some  fine  clay  tightly  rammed  down 
by  a  bar,  or  by  wads  around  the  cleaning-rod.    The  charge  of  powder  is  now 
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carefully  conveyed  to  the  bottom,  and  the  point  of  a  copper  needle-bar, 
reaching  along  one  side  to  the  top,  placed  in  contact  with  it.  On  the  powder 
the  tamping  is  laid ;  this  consists  of  any  convenient  material  sufficiently 
hard  to  bear  heavy  tamping,  yet  of  snch  a  nature  as  not  to  strike  fire  with 
the  bar  used.  The  needle  is  now  withdrawn,  and  a  rush  train  laid  in  com- 
munication  with  the  charge.  Bushes  are  prepared  for  the  purpose  by  split- 
ting down  one  side,  extracting  the  pith,  and  filling  the  interior  with  fine 
powder ;  when  the  sides  close  and  secure  it  by  their  elasticity.  The  length, 
including  the  portion  in  the  hole,  is  required  to  be  such  that  after  lighting  it, 
the*  burning  down  to  the  charge  shall  afford  ample  time  for  the  workmen  to 
reach  a  place  of  safety.  Commonly  the  men  contrive  to  have  several  holes 
ready  about  the  same  time,  and  by  setting  fire  to  the  trains  simultaneously, 
economise  time.  If  from  any  cause  a  hole  misses  fire,  it  should  be  aban- 
doned, and  drilled  again  out  of  contact  with  the  old  bore.  Picking  out,  even 
with  a  copper  needle,  is  at  best  a  dangerous  operation. 

Of  late  years  the  risk  of  hanging  fire  through  damp  and  imperfect  fuses 
has  been  greatly  diminished  by  using  canvas  cartridges  payed  over  with 
boiled  pitch  and  caoutchouc.  Gutta-percha  also  has  been  employed  for  the 
same  purpose ;  and  though  an  expensive  material,  for  wet  shafts  it  is  an  in- 
valuable acquisition  to  the  miner.  Water-proof  safety  fuses  in  long  lengths 
are  now  used  throughout  Devon  and  Cornwall,  to  the  entire  exclusion  of  the 
rush  and  straw  fuse,  which  have  rendered  the  occurrence  of  accidents  from 
the  premature  explosion  almost  unknown. 

At  considerable  depths,  the  quantity  of  water  met  with  requires  the  drop- 
ping of  pumps  and  the  erection  of  a  steam-engine  for  their  operation.  Draw- 
ing water  from  the  mines  in  Devon  and  Cornwall  is  invariably  performed 
with  the  plunger  force-pump ;  and  where  steam  has  to  be  employed,  the 
single  acting  steam-engine  is  the  motive  power.  A  majority  of  the  mines 
yield  laige  quantities  of  water ;  the  larger  ones  frequently  yielding  at  the 
rate  of  2000  or  3000  gallons  per  minute,  the  greater  portion  from  deep  springs. 
This  large  yield  of  water,  coupled  with  the  comparatively  high  price  of  the 
fuel  used  under  the  engine-boilers,  led  to  the  attainment  of  considerable 
efficiency  twenty  or  thirty  years  ago  in  the  single-acting  pumping- engines. 
By  carefully  clothing  the  boilers  and  steam-pipes,  and  using  to  a  consider- 
able extent  the  expansive  action  of  the  steam,  the  consumption  of  coal  under 
the  boilers  was  reduced  to  two  or  three  pounds  per  horse-power  per  hour. 
Steam-engines  in  other  districts  were  at  that  period  using  la^ge  quantities  of 
fuel,  in  some  instances  twenty  pounds  the  horse-power:  lately,  great  im- 
provements have  been  made  in  these  engines,  and  a  consumption  of  fuel  not 
greater  than  prevails  in  Cornwall  is  veiy  common.  Taking  engine  and 
pump-work  together,  however,  though  the  erections  are  often  of  a  temporary 
character,  the  system  of  unwateriiig  the  deep  mines  of  Cornwall  is  immeasur- 
ably superior  to  that  pursued  in  the  midland  and  northern  districts. 

The  force-pump  employed  consists  of  a  cast-iron  plunger  turned  on  the 
outside,  and  fitted  inside  with  a  single  piece  of  pine,  which  projects  at  one 
end  sufficiently  to  attach  it  by  numerous  dumping-bolts  to  the  main  pump- rod ; 


Digiti 


ized  by  Google 


THB  PLUNOBB  VOKCE-PUHP.  91 

the  plunger  works  into  a  cast-iron  bairel,  of  one  or  two  inches  larger  diameter, 
through  an  air-tight  stuffing-box  at  top.  At  the  bottom  the  barrel  communi- 
cates with  boxes  containing  inlet  and  outlet  valves.  Admission  of  ihe  water 
to  the  plunger  case  is  obtained  through  a  perforated  pipe  {'*  windbore  "  of  the 
Cornwall,  "  snore-pipe"  of  the  Welsh  miner),  in  order  to  filter  the  water  of 
any  substance  likely  to  impede  the  action  of  the  valves.  These  are  sometimes 
made  of  leather,  strengthened  by  a  pair  of  iron  plates,  for  short  lifts ;  but 
plungers  forcing  a  high  column,  are  now  generally  fitted  with  compound 
metal  valves,  bearing  on  soft  metal  rings.  Since  a  column  of  water  presses 
with  a  force  of  one  pound  to  the  square  inch  for  every  twenty-six  inches 
of  height,  the  augmentation  of  pressure  within  the  lower  pipes  places  a  limit 
to  the  height  which  one  single  plunger  and  one  set  of  cast-iron  pipes  are  capable 
of  safely  delivering  the  water.  Eighty  yards  may  be  considered  a  high  lift 
ibr  one  plunger;  where  the  water  has  to  be  lifted  higher,  the  total  height  is 
divided  between  two  or  more  force-pumps,  working  off  the  same  main-rod,  the 
lowest  set  delivering  the  water  into  a  cistern  for  the  next  in  elevation ;  and  so 
on.  This  is  the  system  pursued  in  the  deep  Cornish  mines,  where  may  be 
seen  eight  or  ten  pumps  in  depth,  each  lifting  the  water  to  the  height  of  its 
division  of  the  shaft,  and  actuated  by  a  common  rod  from  the  engine.  With 
a  lift  of  eighty  yards  the  plunger  case,  valve  boxes,  and  lower  tier  of  pipes, 
work  with  a  pent-up  pressure  of  nearly  110  lbs.  to  the  square  inch. 

In  very  many  mines  the  acidity  of  the  mineralized  wat^r  acts  most  in- 
juriously on  the  metal  with  which  it  may  come  in  contact.  To  prevent  their 
speedily  becoming  imserviceable,  the  pump  casings,  boxes,  pipes,  and  parts 
of  the  well  work  of  the  engine,  are  lined  with  wood.  The  arrangement  of  the 
pump,  rod,  pipes,  and  connections  of  a  lift  in  a  large  shaft,  form  most  impor- 
tant features  in  many  operations;  but  these  belong  so  exclusively  lo 
mechanical  engineering,  that  we  must  not  dwell  further  on  the  subject  here. 

The  explorations  on  the  lode  are  usually  commenced  on  attaining  a  depth 
of  twenty  fathoms,  or  sooner  if  its  metalliferous  character  seems  to  warrant 
its  removal.  This  is  done  by  driving  a  short  cross- cut  to  the  lode,  and 
proving  its  character  by  driving  a  level  in  each  direction  with  just  sufficient 
rise  to  drain  freely  to  the  shaft.  If  promising  a  fair  yield  of  ore,  these  levels 
may  be  prosecuted  a  considerable  distance.  In  estimating  the  richness  of  a 
lode,  miners  are  accustomed  sometimes  to  give  its  width,  and  the  number  of 
tons  of  ore  per  fathom  which  it  yields  in  driving  the  level ;  at  other  times  the 
money  value  to  the  proprietors.  Meanwhile,  ^e  sinking  of  the  engine-shaft 
is  continued,  and  ten  fathoms'  deeper  communication  is  again  made  with  the 
lode  and  level  driven  on  it ;  these  are  prosecuted  according  to  their  presumed 
value.  Communication  is  also  opened  at  regular  intervals  between  the  levels, 
by  means  of  small  shafts  termed  '*  winzes."  By  the  horizontal  levels  and 
vertical  shafts  at  set  distances  apart,  the  portion  of  the  lode  explored  is  cut 
vertically  into  a  number  of  square  blocks.  At  each  succeeding  ten  fathoms, 
similar  commimications  are  made,  and  levels  driven  to  prove  the  value  of 
the  lode.  In  a  well  laid-out  and  fairly  managed  mine,  the  sinking  of  the 
shafts  and  prosecution  of  the  levels  are  conjointly  carried  on  to  an  extent 
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sufOlcient  to  develop  its  riches,  and  cause  a  progressive  iiMasease  in  the 
quantity  of  ore  ground  exposed. 

The  sinking  of  shafts,  driving  of  levels,  and  work  of  a  similar  nature,  is 
called  "  network,"  and  is  undertaken  at  per  cubic  fathom  down  or  forward. 
The  contracts  are  for  two  months,  when  tiiey  are  a^dn  re-let  at  Dutch 
auction  to  the  lowest  bidder  for  a  further  term  of  two  months,  with  a  strict 
or  limit  of  extent  of  work,  to  provide  for  an  alteration  of  character  of  ground 
from  difficult  to  easy  work.  This  competition  system  results  In  the  work 
being  performed  on  very  economical  terms.  The  price  paid  includes  all  ex- 
pense, save  drawing  of  the  water ;  the  costs  incurred  for  ir(m,  steel,  smith- 
work,  powder,  fuses,  and  tools  generally,  and  for  drawing  and  removing  the 
material  cut,  are  deducted  from  the  sum  accruing  at  the  letting  price. 

The  extraction  of  the  ore  is  principally  performed  by  a  class  of  contractors 
called  "  tributers,"  who  in  pairs  or  cores  of  from  two  to  eight  or  ten  men  and 
boys,  undertake  the  workii^  of  a  piece  of  ground  on  condition  of  securing  a 
stated  proportion  of  the  proceeds  of  their  ore.  The  miners'  share  varies  with 
the  apparent  richness  of  the  "  pitch  "  or  block  of  ground  which  they  have 
taken.  If  the  lode  is  rich  and  easy  to  work,  sixpence  or  a  shilling  in  the 
pound  may  be  the  tributer  s  portion ;  if  of  average  richness,  he  will  have  four 
or  five  shillings;  a  poor  lode  in  hard  ground  lets  at  from  ten  to  thirteen 
shillings  in  the  pound  sterling,  and  at  this  high  proportion  may  scarcely 
afford  a  bare  living  to  the  tributers.  The  contracts  for  the  extraction  of  tiie 
ore  are  submitted  to  a  similar  auction  and  competition  amongst  the  miners 
as  the  network,  the  lowest  bidder  having  the  contract  To  prevent  collusion 
amongst  the  assembled  men,  the  agents  place  a  reserve. price  on  each  con- 
tract, which  is  afterwards  opened,  and  the  miner  has  the  option  of  accepting 
the  lesser  price  or  throwing  up  the  contract. 

The  ores  broken  by  the  tributer  are  filled  into  iron  tram-waggons,  running 
on  rail  bars,  and  conveyed  by  boys  to  the  shaft,  where  they  are  removed  into 
buckets,  or  kibbles,  and  drawn  to  the  surface.  Iron  buckets  with  single-line 
chains  are  generally  used  in  drawing  the  ores,  but  of  late  years  a  few  shafts 
have  been  fitted  with  boxes  suspended  by  flat  hempen  ropes.  These  ropes 
are  made  by  sewing  together  four  or  six  small  round  ropes,  with  the  twist 
laid  alternately  in  each  direction.  At  the  top  of  the  shaft  the  contents  of  the 
buckets  are  transferred  to  another  tram- waggon,  and  removed  to  the  dressing 
floors. 

It  may  be  observed  that  in  bringing  the  ores  to  the  surface  from  deep 
mines,  the  apparatus  used  in  Cornwall  is  greatiy  inferior  to  that  in  use  in  the 
Welsh  and  Newcastie  coal  districts.  No  perceptible  improvements  have  been 
made  iu  this  department  within  the  present  century,  though*ample  room 
exists ;  and  the  introduction  of  the  modes  practised  in  other  districts  un- 
questionably would  greatiy  diminish  the  cost  of  drawing  the  ores.  The  sub* 
stitution  of  steam  for  human  power  in  letting  down  and  adjusting  the  ponder- 
ous pumps  and  rods,  though  practised  for  some  twenty  years  in  Wales,  has 
only  been  adopted  in  Cornwall  witiiin  the  last  three  or  four  years. 

Baao«nt  to  the  MIiim. — Access  to  the  underground  workings  is  ob- 
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tained  by  nurrow  ladders  placed  in  the  large  or  smnp-shafts,  or  in  smaller 
ones  termed  footway  shafts ;  Tery  frequently  they  are  placed  nearly  perpen- 
dicular, and  accidents  from  fedling  off  are  common.  In  addition  to  the  direct 
loss  of  life  by  accidents,  the  waste  of  life  and  labour  in  the  toilsome  ascent 
from  the  deep  mines  after  the  day's  labour  is  rery  much  greater  than  is  com- 
monly supposed.  If  we  estimate  a  miner  to  weigh  with  his  dress  and  accou- 
trements 1B6  lbs.,  and  the  ascent  to  be  made  from  a  depth  of  200  fathoms 
below  the  sur&oe — ^not  an  unusual  circumstance,  since  several  mines  are 
more  than  800  fathoms  deep— the  muscular  power  exerted  during  his  ascent 
is  equal  to  the  lifting  of  one  hundred  tons  one  foot  high.  This  is  not  an 
extreme  case :  many  men  do  more.  Taking  the  whole  of  the  mines,  and 
their  medium  working  depth,  it  will  be  found  that  the  miner's  strength  is 
taxed  to  the  extent  of  lifting  fifty  tons  one  foot  high  in  order  to  place  him- 
self on  the  sur&ce ;  and  frt>m  the  mine  he  may  have  to  walk  two  or  three 
miles  to  his  dwelling ;  but  this  portion  of  his  labour,  of  course,  forms  no  part 
of  the  defects  of  the  mining  system. 

An  attempt  has  been  made  to  remedy  this  waste  of  labour ;  but  the  defec- 
tive way  in  which  it  was  made  has  prevented  more  than  one  or  two  applica- 
tions of  machinery  to  the  purpose,  The  plan  adopted  (in  three  or  four  mines 
only,  out  of  as  many  thousands)  consists  in  suspending  wooden  rods  at  the 

end  of  a  working  beam  capable 
of  communicating  a  stroke  of 
twelve  feet;  either  one  or  two 
rods  being  used.  Secured  to  the 
wooden  rod  are  small  platforms, 
the  length  of  the  stroke  apart, 
of  a  size  sujficient  fbr  the  stand- 
ing of  two  men;  on  a  second 
rod,  or  secured  to  a  standing 
timber  (Fig.  5),  are  correspond- 
ing platforms,  which  are  directly 
-''""  oppositite  those  on  the  rod  when 

i I  is  at  the  bottom  and  top  of  its  stroke.  If  two  rods 
are  used,  the  connections  are  so  made  that  the  weight 
of  one,  balances  that  of  the  other,  The  operation  of 
the  machine  is  very  simple  :  a  man  standing  on  the 
npper  platform  descends  twelve  feet  with  the  down- 
stroke  of  the  rod,  and  steps  on  to  the  opposite  plat- 
form; if  a  sin<,de-rod  machine,  he  here  waits  the 
return  down- stroke,  and  getting  on  the  second  plat- 
form, descends  a  second  twelve  feet.  This  changing 
from  the  fixed  to  the  moving  platform,  and  vice  verm, 
is  repeated  until  the  required  depth  is  attained.  With  two  rods  the  time  lost 
in  waiting  does  not  occur :  by  stepping  from  one  to  the  other,  he  descends  in 
half  the  time.  The  ascent  is  made  by  going  on  the  platform  when  the  rod 
is  at  its  lowest  stroke,  and  continuing  this  order  upwards.     Steam  or  water- 
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power  is  required  to  maintain  the  machine  in  motion  during  the  day ;  bnt 
if  well  balanced  and  unnecessary  friction  is  avoided,  the  power  absorbed  is 
not  great. 

The  great  defect  of  the  apparatas,  and  to  every  appearance  an  insur- 
mountable obstacle  to  its  general  adoption,  is  its  great  cost  It  is,  in  fact,  so 
costly  that  very  few,  even  of  the  highly  remunerative  mines,  can  a£ford  to 
expend  so  much  capital.  In  a  commercial  point  of  view,  even  the  uncer- 
tainties of  mining  are  such,  that  a  positive  evil  of  great  magnitude  is  endiued 
because  the  proprietors  know  not  how  long  it  may  be  advisable  to  prosecute 
the  mine.  The  prospects  of  the  mine  may  in  a  few  weeks  alter  to  such  an 
extent  as  to  cause  its  abandonment. 

To  the  experienced  coal  and  iron-stone  miner,  the  whole  of  the  Cornish 
system  of  drawing  ores,  and  ascending  from  mines,  appears  rude  and  bar- 
barous in  the  extreme ;  it  is  only  one  step  removed  from  the  notched  tree  of 
the  savages  of  the  Southern  Ocean.  The  mines  of  the  continent  are  nowise 
superior;  yet  the  capital  expended  on  this  rude  system  is  much  greater  than 
is  laid  out  on  the  most  highly-finished  coal-pit  apparatus,  which  combines  in 
one  a  safe  and  rapid  conveyance  for  the  miner  to  and  from  the  surface,  and 
an  infinitely  cheaper  method  of  drawing  the  minerals.  A  system  which  forces 
men  to  climb  hundreds  of  fathoms  daily,  in  addition  to  their  ordinary  labour, 
ought  no  longer  to  exist.  Doubtless  the  force  of  example  will  eventually 
lead  to  the  alterations  required  to  raise  this  part  of  the  Cornish  mining 
system  to  a  level  with  other  districts. 

▼entUation  of  Vndergxovnd  Wovkings. — Hitherto  few  systematic  at- 
tempts have  been  made  to  supply  the  miner  with  the  requisite  quantity  of 
atmospheric  air,  and  the  consequences  are  seen  in  the  large  proportion  of 
fixed  air  in  a  moiety  of  the  workings.  This  inattention  to  a  matter  of  such 
vital  importance  to  the  health  of  the  miner,  is  inexcusable  in  every  respect. 
A  current  of  atmospheric  air  is  conducted  through  narrow  tortuous  passages 
of  several  miles  in  extent,  with  such  facility  and  at  such  triffiing  expense,  that 
no  reason  can  be  adduced  why  one-half  of  the  miners  in  Cornwall  and  Devon 
should  be  working  in  a  highly  poisonous  atmosphere.  To  a  miner  from  the 
midland  or  northern  districts,  the  apathy  exhibited  on  this  point  is  remark- 
able. In  no  part  of  the  world  where  mining  has  been  prosecuted  can  greater 
indifference  be  seen.  The  movements  of  the  drawing  and  pumping  apparatus 
produce  triffling  currents  in  the  shafts  :  but  the  workmen  at  the  extreme  ends 
of  levels,  the  bottoms  of  winzes,  and  the  adjacent  pitches,  are  left  to  the  sur- 
rounding stagnant  air.  This  acts  on  the  organs  of  respii-ation,  producing 
consumption  and  other  allied  diseases,  which  carry  off  the  miner  in  the 
prime  of  life.  As  a  class,  thep  are  robust  and  naturally  less  liable  even  than 
seamen  to  such  diseases :  but  such  is  the  pernicious  effects  of  the  impure  air 
they  breath,  and  the  barbarous  mode  of  ascending  from  the  bottom,  that 
fifty-two  per  cent,  die  of  consumption  in  a  county  where  the  per-centage 
amongst  agricultural  and  other  surface  labourers  amounts  to  twenty  in 
the  worst  localities.  Seventeen  per  cent,  of  the  miners  meet  with  a  violent 
death  from  accidents  in  mines.    At  a  moderate  computatation,  nearly  500  lives 


Digiti 


ized  by  Google 


IMPOBTANOB  OV  TBMTILATINO  MINES. 


95 


are  needlessly  sacxificed  annoally  from  one  disease  only.  Its  insidions  ad- 
Tanoes  on  the  consiitatLon  axe  commonly  unperceiyed  by  the  miner,  who 
reluctantly  abandons  the  unyentilated  mine,  and  finally  snccnmbs  to  its 
influence  unnoticed  in  a  county  where  human  labour  and  life  are  valued  at  a 
veiy  low  rate.  Compared  with  this  wholesale  waste  of  human  life,  the  loss 
from  accidents  and  explosions  in  coal  mines,  with  ten  times  the  number  of 
miners,  is  perfectly  insignificant. 

Nor  is  this  the  only  waste  of  life  in  ttie  Cornwall  mines.  From  a  false 
spirit  of  economy,  the  dressing  operations  are  performed  principally  by  young 
femals,  stationed  in  open  sheds,  or  altogether  exposed  to  the  inclemency  of 
the  weather  in  bleak  districts.  Amongst  these,  consumption  is  scarcely  less 
prevalent  than  amongst  the  miners ;  while  the  mass  of  disease  transmitted 
to  their  posterity  is  too  painful  to  contemplate. 

The  absence  of  ventilation  seriously  operates  against  the  economical  pro- 
secution of  several  mines ;  the  miners  are  unable  to  stand  the  usual  number 
of  hours,  frequent  relays  are  required,  and  the  ultimate  outlay  is  augmented 
in  a  greater  ratio  than  the  number  of  men  employed.  Instances  have  occurred 
where  the  sum  offered  for  driving  levels  without  ventilation,  has  been  ten 
times  the  value  of  the  same  work  with  pure  air,  and  this  in  places  where  the 
hundredth  part  of  the  excess  of  price  judiciously  applied,  would  have  caused 
an  abundant  supply. 

With  these  few  remarks  on  this  all-important  subject,  we  shall  leave  the 
exposition  of  the  mechanical  and  legislative  remedy  for  these  evils  to  one  who 
has  established  for  himself  a  claim  to  be  heard  on  the  subject 


CHAPTER  VI. 

MINIMO  JUBI8FBUDENCE  AND  VENTILATION. 

The  economy  of  time  and  of  labour  is  the  object  of  all  manufacturing 
improvements  which  aim  at  cheapness  of  production ;  and,  coUaterial  with 
these,  is  now  recognized,  as  an  essential  co-efficient,  the  economy  of  human 
life.  Where  the  demand  for  labour  in  any  special  occupation  is  small  as 
compared  with  the  supply,  a  slight  addition  to  the  wages  will  suffice  to  attract 
workmen,  although  more  than  counterbalanced  by  the  exhaustion  of  strength 
and  deterioration  of  health  which  commonly  result,  when  the  animal  func- 
tions are  unduly  taxed ;  but  in  any  great  development,  such  as  coal  and 
iron  mining  have  undergone  in  the  last  twenty  years,  the  demand  and  cost 
of  labour  are  greatly  euhanced  by  the  more  rapid  wearing  out  of  the 
labourer.  To  render  labour  possible  far  beneath  the  surface  of  the  earth, 
much  attention  to  tlie  condition  of  the  workshop  is  required ;  even  to  avoid 
unnecessary  danger,  and  to  secure  the  full  yield  of  work  for  a  given  expendi- 
ture of  time  and  labour,  such  provision  must  be  made  as  will  maintain  the 
health  and  vigour  of  the  workman  unimpaired. 
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It  is  by  the  changes  in  the  air  that  the  opefstions  of  the  mmer  are  chiefly 
retarded ;  the  laws  of  ventilation  assume,  therefore,  a  prominent  position 
in  the  economy  of  mining.  A  miner  excavates  a  tunnel  or  apace  befbre  him, 
sufficiently  wide  to  allow  himself  room  to  work  and  progress  in  the  cheapest 
manner.  This  excavation  serves  a  threefold  purpose — for  the  extraction  of  tiie 
minerals  by  means  of  barrows  or  trams ;  for  carrying  off  the  springs  of  water 
met  with;  and  for  supplying  the  miner  with  atmosj^eric  air  sufficient  to 
keep  his  candle  burning.  The  room  in  which  he  continnes  to  work,  expands 
in  form  and  size,  according  to  the  position  of  the  minerals  which  he  finds  it 
remunerative  to  extract.  In  thin  seams  of  coal,  less  than  eighteen  inches  is 
sometimes  the  whole  height  extracted ;  here  the  miner,  whilst  working  with 
the  pick,  lies  on  his  side.  In  sinking  shafts  or  driving  galleries  in  a  rock,  the 
work  is  chiefly  blasting ;  and,  in  a  more  or  less  stooping  positicm,  the  miner 
plies  his  drill  and  hammer  to  bore  into  the  rock.  In  "  rising  a  winze," — i.e., 
making  an  air-shaft  upwards — and  in  "  getting"  nearly  vertical  metallifercms 
veins,  much  of  the  work  is  performed  overhead.  In  such  veins,  the  roads  or 
galleries  by  which  the  minerals  are  brought  out  from  the  working  parts,  vaiy 
generally  from  five  feet  high  and  three  feet  wide,  to  seven  feet  high  and  five 
feet  wide ;  but  the  height  is  ordinarily  governed  by  the  inclination  and  thick- 
ness of  the  productive  strata,  and  the  strength  of  the  siq>erineumbent  rock 
In  many  coal-mines,  it  was  a  custom,  now  happily  becoming  rare,  to  per- 
form the  underground  haulage  in  the  height  of  three  feet,  by  means  of  boys 
having  harness  round  their  hips,  who  were  employed  to  draw  the  tubs — 
unquestionably  the  most  expensive  means  of  transport  that  coqld  be  devised. 
Forty- two  inches  is  the  lowest  gallery  in  which  ponies  are  substituted  for 
boys ;  and  in  this  height,  numbers  of  Shetland  and  Highland  ponies  may  be 
seen  working  in  the  North  of  England  coal-mines.  The  height  of  the  roads 
materially  increases  the  facility  of  ventilation.  As  ihe  mines  increase  in 
depth,  the  roads  or  galleries  can  only  be  reached  by  sinking  shafts  from  the 
surface.  The  sizes  of  these  vary  from  three  feet  np  to  twenty  feet  in  diameter ; 
and  at  the  Tresavean  mine  in  Cornwall,  the  depth  attained  below  grass  was 
750  yards.  There  are  fonr  distinct  portions  of  a  mine  which  have  to  be  con- 
sidered in  relation  to  the  ventflation, — ^the  shafts,  the  underground  roads  or 
galleries,  the  working  places  at  their  extremities,  and  the  old  workings  (tech- 
nically, deads  or  goafs).  These  are  all  distinguished  from  other  workshc^s 
by  the  peculiarities  of  temperature,  pressure,  moisture,  and  composition  of 
the  air — ^by  the  gases  and  miasmata  which  exist  in  them — ^by  the  absence  of 
sunlight,  and  the  mode  of  lighting— quite  as  much  as  by  the  motions  and  working 
positions  of  the  miners,  which  differ  from  those  used  in  any  other  occupation. 
In  the  deeper  parts  of  his  workings,  the  miner  is  liable  to  be  stopped,  or  over- 
whelmed, either  by  water  or  carbonic  acid :  in  the  higher  parts  he  may  be  suffo- 
cated or  destroyed  by  irrespirable  and  explosive  gases ;  and  if  he  enters  but 
a  very  short  distance  beyond  the  point  for  supplying  the  necessary  amount  of 
atmospheric  air,  it  becomes  deteriorated  to  an  extent  injurious  to  life. 

The  average  composition  of  the  atmosphere  is,  for  each  thonsand  parts- 
nitrogen,  788;   oxygen,  197;  vapour  of  water,  16;  carbonic  acid  gas,  1. 
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The  proportions  of  nitrogen  and  oxygen  are  maintained  with  singular  exact- 
ness on  eveiy  part  of  the  surface  of  the  globe,  even  in  the  highest  regions 
yet  reached  by  man :  a  certain  indication,  it  may  be  deemed,  of  the  necessity 
of  each  a  piOTision  to  the  maintenance  of  animal  and  vegetable  life.  Professor 
Qraham  determined  that  the  diffusiveness  of  each  gas  approximated  to  the 
inverse  ratio  of  the  squares  of  its  density:  thus  the  relative  capability  for 
the  diffusion  of  air,  nitrogen,  oxygen,  and  hydrogen,  would  be  as  10, 10, 9  and 
38;  but  subjected  to  such  action  alone,  without  the  influence  of  the  wind  and 
other  atmospheric  currents,  the  composition  of  the  air  could  not  be  maintained. 

The  air  of  a  mine  becomes  rapidly  deteriorated  by  chemical  combinations 
of  various  kinds.  Strata  of  air,  carburetted  hydrogen,  and  carbonic  acid  gas, 
are  frequentiy  met  with  in  mining  operations ;  the  diffusion  proceeds  very 
slowly,  and  an  active  current  of  pure  air  is  required  to  mix  with  and 
dilute  them.  The  breathing  of  the  men  and  horses,  and  the  products  of 
combustion  of  the  lights,  abstract  oxygen,  and  evolve  carbonic  acid  gas, 
nitrogen,  and  aqueous  vapour.  Oxygen  is  also  absorbed  by  the  decomposi- 
tion of  various  mineral  substances,  especially  sulphurets  and  protoxides, 
acted  upon  by  water ;  and  by  the  decay  and  fermentation  of  timber  and  animal 
matters,  which  accumulate  in  underground  workings.  Various  compounds 
of  carbon,  hydrogen,  and  sulphur  are  thus  thrown  off  into  the  air  of  the 
4iiine.  The  nitrogen  which  is  found  mixed  with  the  carburetted  hydrogen 
exuding  from  the  pores  of  coal  seams,  and  the  formation  of  carbonic  acid 
gas  in  most  coal-mines,  are  evidences  that  the  coal  undergoes  decomposition, 
which  assists  in  impoverishing  the  air  of  its  oxygen. 

The  annexed  table  represents  the  specific  gravity  of  the  various  gases,  and 
the  relative  positions  they  usually  occupy. 

Names  of  Gases.                      Spec.  Grar.  Cub.  ft.  in  1  lb. 

Hydrogen -069 189 

Carburetted  Hydrogen      .     .     .     *55 24 

Steam  at  212" '62 21 

Carbonio  Ozido *972 13'4 

Nitrogen  and  Miasma      .     .     .     -976 13-4 

Olcfiant -98 13-3 

Air 1-00 13-06 

Oxysen 110 11.9 

Salphuretted  Hydrogen    .    .    .  119 11 

Carbonio  Acid 1-52 8'6 

Sulphurous  Acid 2*12 6 

Among  other  prodnots  injurious  to  the  miner's  health  are  the  uncombined 
carbon  arismg  from  bad  candles  or  from  lamp- oil,  the  miasmata  arising  from 
perspiration  and  animal  exuvico,  and  from  tHb  smoke  of  the  powder  used  in 
blasting.  Carbonic  acid,  carburetted  hydrogen,  carbonic  oxide,  nitrogen,  and 
sulphuretted  hydrogen,  together  with  compounds  of  sulphur  and  potassium, 
forming  the  smoke,  are  the  products  of  the  last  operation.  The  effects  of  the 
powder  smoke,  when  not  carried  away  by  active  ventilation,  are  such  as  to 
prevent  the  miner  from  resuming  work  for  a  space  ranging  from  several 
minutes  up  to  half-an-hour  after  a  shot  is  fired. 
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The  effects  of  breathing  in  a  confined  space  are  readily  appreciated  in  a 
mine :  the  miner's  head  is  near  the  roof,  where  the  heated  gases  stagnate  to  an 
extent  sometimes  sufficient  to  extinguish  a  candle,  although  it  would  bum 
freely  if  placed  on  the  floor  of  the  mine,  a  few  feet  below.  The  action  of 
breathing  may  be  appropriately  termed  the  ventilation.of  the  blood.  The  ex- 
pansion of  the  chest,  by  the  powerful  muscles  appropriated  to  the  action  of 
the  lungs,  produces  a  partial  vacuum  sufficient  to  inhale  a  portion  equal  to 
about  one-tenth  of  the  air  already  contained  in  the  chest.  Aided  by  the  circu- 
lation caused  by  a  rapid  change  oi  temperature,  the  oxygen  is  brought  into  con- 
tact with  those  delicate  labyrinthine  tissues  (the  surface  of  which  is  vaziously 
estimated  at  from  fifteen  to  four  hundred  square  feet),  where  the  oxidation 
of  the  particles  of  blood  is  effected.  The  average  of  a  number  of  experi- 
ments by  Vierordt,  liebig,  and  Lehmann,  gave  320  cubic  inches  as  the 
quantity  of  air  inhaled  per  minute ;  of  which  10  per  cent,  conflisting  of 
oxygen,  are  consumed  by  the  lungs,  and  7*7  to  8*5  per  cent,  of  carbonic  acid 
gas,  besides  aqueous  vapour,  are  expired.  The  weights  and  quantities  are 
thus  given  by  Dr.  Beid : — Time,  1  minute.  Number  of  respirations,  20.  Air 
inhaled :  volume,  320  cubic  inches ;  weight,  99*24  grains.  Oxygen  consumed  : 
volume,  32  cubic  inches;  weight,  1094 grains.  Carbonic  add  discharged: 
volume,  25  cubic  inches ;  weight,  11*82  grains.  Carbon  evolved :  weight,  3*27 
grains.  Oxygen  in  carbonic  acid,  8*55  grains.  O^gen  unaccounted  for  by  « 
weight,  2*40  grains.    Watery  vapour :  weight,  3*20  grains. 

The  oxygen  inhaled  produces  a  slow  combustion,  and  the  oxidation  in 
the  process  of  breathing  causes  a  mild  and  genial  warmth  throughout  the 
frame.  All  vital  activity,  according  to  Liebig,  is  derived  from  the  mutual 
action  of  the  oxygen  and  the  food.  The  fourteen  ounces  of  carbon  which  are 
daily  burnt  into  carbonic  acid,  must  be  talcen  in  food.  A  horse  bums  ninety- 
seven  ounces  daily,  consuming  for  this  purpose  thirteen  pounds  three  ounces 
of  oxygen.  The  food,  therefore,  should  be  in  direct  ratio  with  the  supply  of 
oxygen.  These  conditions,  joined  with  a  due  proportion  of  sleep,  enable  a 
man  to  perform  a  daily  task  equivalent  to  carrying  thirty  pounds  a  distance 
of  72,000  feet.  Any  causes  which  disturb  this  balance,  produce  a  diminntion 
in  the  average  amount  of  work  performed. 

According  to  the  experiments  of  Dr.  Wehrle  of  Vienna,  the  oxygen  con- 
sumed by  a  candle  per  minute  amounts  to  16*6  cubic  inches,  and  the  carbonic 
add  formed  to  4*2  cubic  inches.  When  the  quantity  of  oxygen  is  reduced 
from  twenty-one  per  cent,  to  eighteen  or  sixteen,  an  ordinary  miner's  ligjit  is 
extinguished ;  an  Argand  lamp  will  bum  until  the  proportion  is  reduced  to 
fourteen  per  cent 

According  to  Professor  Huni*s  analysis  of  air  from  different  parts  of 
the  Consolidated  Mines  in  Cornwall,  the  amounts  of  oxygen  were  defident 
by  4*75,  4,  3*5,  1*85,  3,  and  3*25  per  cent  The  average  of  eighteen  samples 
of  air,  taken  from  different  mines  in  Cornwall,  was — 

Oxygen  .  .  .  17067  per  cent  .  .  3*933  defident 
Nitrogen  .  .  .  82*848  per  cent  .  .  3*848  in  excess. 
Carbonic  add     .        *085  per  cent 
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Of  six  others — 

Oxygen     ....  19*34  per  cent  .  .  1*66  deficient 

Nitrogen  .    .    .    .  78*75  per  cent  .  .  0'25  deficient 

Carbonic  acid    .    .  1*00  per  cent  .  .  I'UO  in  excess. 

The  quantities  of  carbonic  acid  gas  in  these  cases  may  have  been  actually 
larger,  being  partly  absorbed  during  the  experiments.  Traces  of  sulphuretted 
hydrogm  and  sulphurous  acid  were  also  found.  In  the  mines  of  tiie  Hartz 
the  following  are  tlie  results  of  accurate  analyses  of  the  air  by  Brockman  :•— 


Deficiency. 

Excees. 

No.  1, 1*86  per 

cent. 

oxygen    . 

.    1-8   per 

cent  carbonic  acid; 

No.  2, 1-94 

,j 

.    1-77 

»i               »» 

No.  8,  0-73 

»f 

.     104 

II                *» 

No.  4,  2*29 

tt 

.     2-88 

II                II 

No.  5,  0-29 

»» 

.    0*67 

II               II 

No.  6,  0-21 

f» 

.     0*72 

II               II 

In  all  these  cases  candles  could  bum,  and  numbers  3  and  5  were  consi- 
dered samples  of  tolerable  ventilation.  It  is  not  uncommon  to  meet  with 
instances  in  mines  of  men  working  in  the  dark,  from  the  supply  of  oxygen 
beiog  inadequate  to  keep  candles  alight ;  and  many  instances  might  be  quoted 
of  men  sacrificing  their  lives  in  these  attempts.  In  the  endeavour  to  keep 
candles  burning,  the  fibres  of  the  wick  are  spread  out  with  the  thumb-nail, 
the  candles  are  held  horizontally,  and  several  are  tied  together ;  after  eveiy 
few  blows  with  the  pick  or  sledge,  the  miner  turns  to  trim  the  wick  anew. 
These  privations,  being  unaccompanied  with  any  acute  pain  to  the  miner, 
create  for  the  time  only  a  sensation  of  lassitude,  and  difficulty  of  prolonged 
exertion;  but  often  is  the  melancholy  remark  to  be  heard  from  men,  young 
in  years' but  broken  in  health  and  incapable  of  labour — "  I  worked  a  month 
too  long  in  poor  air."  It  is  certain  that  the  deficiency  of  oxygen  acts  in- 
juriously oa  the  miner's  health,  long  before  he  is  able  to  appreciate  the 
diminished  intensity  of  the  light  of  his  candle  with  his  eye.  According  to 
Dr.  Bird,  a  deficiency  of  two  per  cent  has  been  known  to  be  destructive 
to  animal  life ;  and  aocording  to  Wehrle,  a  deficiency  of  eight  per  cent  will 
generally  cause  suffocation;  and  yet  the  ordinary  practice  is  to  drive  a 
gallery  or  opening  as  far  from  the  current  of  air  as  the  condition  of  light  will 
permit — adistance  varying  from  20  to  100  yards,  as  it  is  termed,  *'  in  advance 
of  the  air." 

A  simple  means  may  be  employed  for  measuring  the  value  of  tlie  air  for 
vital  purposes  in  the  working-plaees  of  mines,  by  placing  a  wide-uccked 
bottle,  inverted  over  a  candle  passed  into  the  cork,  first  in  the  pure  air,  and 
aftenrarda  in  each  working-place.  The  time,  in  seconds,  is  noted  during 
which  the  light  will  bum ;  and  an  arbitrary  scale  is  thus  obtained  between 
pure  air,  and  air  in  which  the  candle  is  extinguished,  the  degrees  of  which 
are  in  proportion  to  the  squares  of  the  time.  Similar  results  may  be  arrived 
at  by  the  combustion  of  phosphoms,  or  of  small  tapers,  the  loss  in  weight 
in  each  being  accurately  measured. 
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The  anecdote  of  the  fifty-six  monkeys  dying  in  the  Zoological  Gardens  in 
a  large  domed  roof,  ventilated  only  along  the  floor,  illustrates  the  effect  on 
animal  life  of  a  stagnant  atmosphere.  To  such  an  atmosphere  is  the  miner 
often  unnecessarily  condemned.  One  remark,  generally  made  during  the 
cholera  epidemic,  pointed  to  the  want  of  thorough  ventilation  as  the  distin- 
guishing mark  of  those  houses  visited  vdth  its  severest  attacks.  It  is 
also  the  opinion  universally  expressed  hy  medical  men,  mining  engineers, 
and  all  who  have  investigated  the  subject,  that  the  large  amount  of  disease 
amongst  miners  is  caused  by  the  deficiency  of  the  vital  element.  Dr.  Hanot 
observes : — "  Placed  in  favourable  circumstances  for  observing  two  kinds  of 
working-miners  in  two  distinct  kinds  of  coal-mines — ^the  colliers  of  Dur,  where 
the  ventilation  is  good,  and  those  of  Flenu  (Belgium)  where  it  is  slow  and 
often  neglected — ^I  have  arrived  at  the  conviction  that  there  existed  among 
them  an  external  physical  difference,  readily  appreciated  by  the  eye,  to  such 
a  degree  that  I  could  point  by  the  finger,  when  surrounded  by  workmen,  to 
those  who  work  at  one  or  at  tlie  other  description  of  mine." 

Vndezgroiind  Oases. — The  nitrogen  in  air  is  simply  incapable  of  sup- 
porting respiration,  whereas  carbonic  acid  gas  is  an  active  poison.  Of  this 
gas  8*5  cubic  feet  weigh  1  lb.  lights  are  extinguished  when  the  propor- 
tion in  the  air  amounts  to  from  five  to  eight  per  cent.,  and  at  the  latter 
point  suffocation  ensues.  An  excess  of  l-500th  in  the  sur&ce  atmosphere 
begins  to  exerdso  an  injmious  effect;  and  the  presence  of  one  per  cent, 
indicates  air  of  very  inferior  quality.  The  presence  of  carbonic  acid  gas  in 
mines  is  generally  accompanied  by  an  excess  of  nitrogen,  £rom  the  oxygen 
being  taken  up  in  the  formation  of  the  acid :  in  estimating  the  limit  within 
wliich  life  is  possible,  an  excess  in  the  air  of  4  per  cent,  of  nitrogen  ^  4  per 
cent,  of  carbonic  acid  gas,  may  be  assumed  as  producing  suffocation. 

Carbonic  Acid  Oas, — called  also  black-damp,  choke-damp,  stythe,  or  sulphur 
— is  found  chiefly  in  the  old  works, "  goafe  "  or  "  deads,"  of  mines.  It  is  given 
off  in  great  abundance  by  most  coal-mines,  and  by  many  lead-mines.  It  is 
tiie  gas  of  the  Grotto  del  Cane ;  and  the  Pontgibaud  lead-mine  in  the  Puy  de 
Dome  is  remarkable  for  the  difficulty  of  removing  it  by  ventilation.  In  this 
mine,  on  first  starting  the  pumps,  tike  pressure  of  the  gas  with  which  the  air 
was  impregnated  was  sufficient,  on  being  suddenly  liberated  by  agitation,  to  - 
raise  a  column  of  water  several  yards  in  height.  Water  will  absorb  an 
equal  volume  of  the  gas.  Old  worldngs,  shafts,  and  drifts  in  mines,  especially 
those  which  have  an  outiet  only  on  tiie  upper  side,  should  always  be  entered 
^nth  great  caution,  from  the  probability  of  their  containing  this  gas.  A  light 
sliould  first  be  introduced ;  and  if  it  is  extinguished,  means  should  be  taken 
to  absorb  the  gas  either  by  water  or  lime-water ;  but,  better  still,  by  inlxo- 
ducing  a  current  of  atmospheric  air.  If  in  the  bottom  of  a  well  or  shaft,  agita- 
tion may  be  produced  sufficient  to  mix  it  with  the  air,  by  dropping  repeatedly 
bundles  of  brushwood  or  straw,  attached  to  a  cord.  In  a  recent  instance,  at 
the  Parkfield  Colliery,  two  men  were  overcome  by  carbonio  add  gas,  which 
"stood  "  in  an  ascending  drift.  It  was  only  by  great  exertion,  and  after  fifteen 
hours'  labour,  that  forty  yards  of  this  gas  could  be  passed  throu^  and  the 
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bodies  lecovered,  by  two  men  holding  one  end  of  a  two-inch  gutta-percha 
tube  close  to  their  months,  whilst  the  air  was  supplied,  at  the  other  end,  hj 
means  of  a  blacksmith's  bellows. 

CatbureUed  hydrogen — ^the  fire-damp  of  mines,  given  off  also  from  sta^ 
nant  pools  and  marshes— is  composed  of  two  volumes  of  hydrogen,  and  one  of 
carbon,  condensed  into  one  volume :  mixed  with  more  than  twice  its  quantity 
of  air,  this  gas  can  be  inhaled  without  producing  suffocation ;  but  the  intro- 
duction of  flame,  or  iron  approaching  a  white  heat,  will  explode  the  mixture. 
With  less  than  twice  its  bulk  of  air,  carburetted  hydrogen  will  not  explode,  but 
will  bum  or  extinguish  a  light  introduced  into  it.  When  the  proportion 
of  this  gas  forms  one-thirtieth  of  the  air  in  a  mine,  the  miner  begins  to  per- 
ceive a  pale  blue  halo  encasing  the  upper  portion  of  the  ilame  of  his  light :  this 
is  caused  by  the  combustion  of  the  gas  immediately  in  contact  with  the  flame. 
This  and  the  heat  generated  thereby,  cause  the  flame  to  flicker  upwards  to  a 
length  of  six  inches  and  more,  as  the  proportion  of  the  gas  increases  to  one- 
fifteenth,  when  it  suddenly  explodes.  The  explosion  takes  place  most 
rapidly,  and  with  the  greatest  force  when  the  air  contains  one-seventh  or  one- 
eighth  of  carburetted  hydrogen ;  but  further  additions  diminiBh  this  intensity. 
The  fire-damp  of  mines  contains  nitrogen,  which  affects  the  above  proportions ; 
and  the  presence  of  one-seventh  either  of  this  gas,  or  carbonic  add  gas,  will 
neutralize  the  most  explosive  mixture.  It  is  on  the  slight  and  insufficient 
warning  given  by  this  halo  or  "  cap,"  that  the  safety  of  fire-damp  mines 
usually  depends.  A  small  increase  in  the  escape  of  gas  from  a  fissure,  or 
from  pressure  on  the  face  of  the  coal,  the  partial  obstruction  of  an  air-way,  or 
the  leaving  open  of  a  door,  will  in  a  few  minutes  produce  a  change  of  one- 
thirtieth  in  the  composition  of  the  air,  and  bring  it  up  to  the  explosive  point 
To  render  the  hak>  more'  appreciable,  the  miner  draws  down  the  wick  to 
diminish  the  flame,  and  shades  the  light  of  the  lower  part  of  the  flame  with 
his  hand.  As  increased  combustion  from  the  presence  of  fire-damp  has  com- 
menced before  it  thus  becomes  appreciable  to  the  eye,  the  writer  has  fitted  a 
spiral  compound  metal  thermometer  to  the  top  of  a  safety- lamp,  which  indi- 
cates the  first  accession  of  temperature,  and  also  offers  a  wide  scale  on  which 
the  proportions  of  fire-damp  may  be  quickly,  though  roughly,  estimated  under- 
ground. The  fiilling  of  the  thermometer  will  indicate  the  existence  of  irre- 
Bpirable  gases. 

Carburetted  hydrogen,  when  met  with  in  metalliferous  mines,  has 
generally  proceeded  from  the  decomposition  of  vegetable  matter.  It  is 
occasionally  met  with  in  salt  mines :  and  in  China,  according  to  the  Abbe 
Imbert,  the  gas  has  been  obtained  by  boring  to  depths  extending  to  600 
yards,  to  be  employed  for  evaporating  the  Brine.  These  borings,  originally 
executed  for  brine  springs,  having  driven  off  the  gas,  it  is  probable  that  on 
being  carried  to  a  greater  depth,  the  coal  measures  which  frequently  underlie 
the  saliferous  new  red  sandstone  had  been  accidentally  penetrated. 

Fire-damp,  the  general  name  for  the  impure  carburetted  hydrogen  found 
m  ooal  mines,  impregnates  even  some  of  the  silicious  and  argillaceous  rocks 
interstratified  with  the  coal;  but  it  is  chiefly  from  the  pores  or  cells  of  the 
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coal  itself  that  it  exudes.  The  rapidity  and  force  of  the  escape  prodnoe  a 
"  singing  "  or  whistling  noise,  sometimes  as  lond  as  that  of  letting  off  steam 
from  a  boiler.  The  pressure  has  been  found  by  Mr.  T.  J.  Taylor,  and  oliiers, 
to  exceed  four  and  a  half  atmospheres ;  and  ontlie  miner  cutting  unexpectedly 
into  fissures,  or  faults,  the  pent-up  gas  has  occasionally  dischfurged  itself  in 
enormous  quantities  into  the  workings.  At  tlie  Wallsend  coUieiy  a  goaf  of 
fifty  acres  in  the  Bensham  seam,  from  which  the  pillars  of  coal  were  partially . 
removed,  has  in  the  last  twenty-two  years  discharged  through  a  pipe  leading 
to  the  surface,  a  bulk  of  fire-damp  equal  to  seventy  times  the  volume  of  the 
coal  which  originally  stood  there.  This  amount  of  gas,  which  forms  no  excep- 
tion to  the  general  rate  of  discharge  in  many  collieries,  can  only  have  been 
derived  from  other  seams  by  filtration  through  the  strata.  "Whether  fire- 
damp ordinarily  exists  in  fitu  in  a  highly  compressed  state,  or  is  given  off 
by  the  chemical  decomposition  of  the  coal  under  diminished  pressure  or  the 
access  of  air,  are  problems  not  yet  solved ;  nor  is  the  presence  of  nitrogen  in 
all  fire-damp  (derived  as  it  must  be  from  the  air)  satisfieustorily  explained. 
Vessels  have  been  blown  up  thousands  of  miles  from  English  ports,  by 
gas  continuing  to  escape  from  the  coal  after  shipment,  and  coUecting  in  the 
hold.  A  terrific  explosion  occurred  recently  in  the  Cardiff  docks,  by  which 
a  vessel  was  destroyed  and  sunk.  The  force  of  the  conoossion  was  felt  at 
a  distance  of  six  miles. 

All  coals  contain  by  analysis  a  proportion  of  hydrogen,  varying  from  1^ 
up  to  7  per  cent. ;  and  from  the  bituminous  down  to  the  anthracite,  fire-damp 
is  given  off.  The  most  abundant  escape  of  fire-damp  is  not  from  the  most 
bituminous  coals ;  and  some  of  the  bitominous  varieties,  generally  those  which 
contain  most  oxygen,  discharge  carbonic  add  gas  in  lieu  of  fire-damp. 

Fire  damp  being  little  more  than  half  the  weight  of  air  (24  cubic  feet  to 
1  lb.),  collects  in  the  upper  part  of  the  galleries  and  hollows  left  in  the  roof. 
In  order  to  dilute  and  remove  it,  it  is  necessary  to  introduce  an  active  current 
of  air,  which  is  sometimes  directed  upwards,  by  part  of  a  door  or  some  obstme- 
tion  placed  across  the  lower  part  of  the  opening ;  the  outlets  for  the  current 
of  air  and  gas  ought  to  be  left  at  the  higher  part  of  the  works. 

Bihydro-Carbon,  or  defiant  gas,  is  composed  of  two  volumes  of  hydrogen 
and  two  of  vapour  of  carbon  condensed  into  one.  This  gas  has  not  been 
satisfactorily  proved  to  exist  in  any  English  coal  mines;  but  Bischoff 
detected  it  in  small  quantites  in  the  Gerhard  and  other  mines  near  Sarrebruck, 
and  in  considerable  quantities  in  a  lignite  mine  in  Schaumburg.  In  the  latter 
case,  Davy  lamps,  with  a  gauze  of  a  iiner  mesh,  were  said  to  be  required ;  but 
the  severe  practical  test  to  which  the  gas  in  the  Gerhard  mine  was  put  in  the 
presence  of  the  writer,  indicateci  that  no  quantity  of  defiant  gas  was  present 
sufficient  to  render  the  fire-damp  more  explosive  than  usual.  No  analyses  of 
the  gases  from  mines  have  hitherto  detected  the  presence  of  hydrogen,  which 
has  been  supposed  by  some  persons  to  render  the  gas  of  particular  mines 
more  than  usually  inflammable.  A  small  proportion  would  suffice  to  effect 
this.  Common  street-gas  is  composed  of  20  per  cent,  of  hydrogen,  10  of  de- 
fiant gas,  60  of  carburetted  hydrogen,  and  10  of  carbonic  oxide;  it  conse- 


Digiti 


ized  by  Google 


COMPONENTS  OF  FIBB-DAliP. 


108 


quentlj  explodes  mnch  more  qiiickly  than  fire-damp,  and  at  a  lower  tempeia- 
tnre.  For  this  reason  many  of  the  experiments  which  have  been  niade  with 
street-gas  on  safety-lamps,  are  deceptive,  tending  to  bring  into  disrepute  lamps 
which  would  be  perfectly  safe  nndergronnd.  Scientific  men  have  thus,  with 
philanthropic  objects  at  heart,  nnintentionaJly  aided  in  encouraging  preju- 
dices, which  continne  annnally  to  cause  a  fBarful  sacrifice  of  life. 

SvlpkuretUd  Hydrogen,  composed  of  equal  Yolmnes  of  vaponr  of  snlphnr 
and  hydrogen,  condensed  into  one  volmne,  exercises  an  extremely  deleterious 
action  on  the  respiratory  iunctions;  it  is  the  most  actLve  of  the  gaseous 
poisons  found  in  mines,  where  it  is  known  under  the  name  of  "  white-damp."  It 
seems  to  act  upon  the  blood  in  depriving  it  of  the  elements  necessary  for 
pr6per  respiration,  l-1 5000th  i>art  in  the  air  is  supposed  to  act  injuiioualy 
on  the  constitution ;  l-250th  part  has  been  known  to  kill  a  horse ;  l-l&OOth  a 
bird.  It  arises  from  mineral  springs,  from  the  decomposition  of  minerals,  such 
as  iron  pyrites  and  the  excrementitious  matters  which  accumulate  in  the  neigh- 
bourhood of  working  roads  or  places  inhabited  for  many  years  continuously. 
Water  will  take  up  three  times  its  own  bulk  of  this  gas.  Its  existence  may 
be  detected  by  its  blackening  white-lead,  or  paper  dipped  in  sugar  of  lead. 
This  gas  is  not  unfrecpiently  met  with  in  entering  old  warkings,  and  in 
most  mines  where  the  means  of  ventilation  are  very  defective.  It  explodes 
at  a  lower  temperature  than  fire-damp,  and  the  ordinary  Davy-lamp  is  there- 
fore not  a  sufficient  protection.  The  peculiar  smell,  resembling  that  of  rotten 
eggs,  indicates  its  presence ;  and  no  attempt  should  be  mpde  to  penetrate 
places  where  it  is  perceived,  until  they  have  been  thoroughly  ventilated. 
Occasionally  it  commits  great  ravages  on  the  health  of  the  workmen.  At 
Yanneaux,  near  Mons,  water  dropping  from  the  roof  of  the  mine  raised 
lumps  on  the  skin;  and  its  effects  were  severely  felt  also  at  Wasmes,  Tur- 
lupu,  and  Jemmapes.  The  attention  of  medical  practitioners  in  all  mining 
districts  should  be  directed  to  it,  as,  although  three  per  cent  of  it  may  be 
temporarily  breathed  without  suffocation,  a  very  minute  proportion  would  in 
time  destroy  health. 

SulphurouBAcid  Oas  has  been  detected  in  the  air  of  the  mines  in  GomwaU 
and  other  places ;  and  it  is  frequently  found  in  the  water,  which  occasionally 
contains  also  sulphuric  add.  It  is  one  of  the  products  of  blasting ;  but 
judging  from  the  atmosphere  of  Swansea,  where  the  copper-works  impregnate 
the  air  with  it,  the  injurious  action  on  the  human  frune  appears  to  be  but 
smalL  Miners  are  occasionally  destroyed  by  this  gas  mixing  with  carbonic 
oxide,  and  the  other  products  caused  by  the  firing  of  timber  or  coal,  or  by  the 
spontaneous  combustion  of  old  goafs  and  wastes.  The  accidents  which  have 
occurred  show  that  peculiar  caution  is  required  in  approaching  underground 
fires.  The  heaps  of  small  coal  left  underground  in  some  mines,  especially  of 
those  seams  which  contain  much  oxygen  or  iron  pyrites,  are  apt  to  take  fire 
frx>m  the  heat  produced  by  decomposition  with  moisture.  These  wastes  must 
either  be  closed  from  the  contact  of  air,  as  is  done  at  the  Moira  collieries,  by 
air-tight  puddled  clay  walls ;  or  they  must,  from  the  time  the  coal  is  first 
removed,  be  freelv  ventilated  in  every  part.    Salts  of  various  metals,  such 
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as  zinc,  iron,  arsenic,  &o.,  may" frequently  be  found  crystallizing  on  the  sur- 
faces of  rock  in  mines,  being  deposited  by  the  vapours  given  off;  but  they 
produce  no  injurious  effect  which  moderate  ventilation  Tnll  not  remove.  Mer- 
curial vapours  are  perhaps  the  only  underground  emanations  which  a  well-dis- 
tributed current  of  pure  air  will  not  render  altogether  innocuous. 

Tempexatnre,  Pressiurei  Xolstnre,  and  IHut, — The  temperature  of 
the  rock  increasing  according  to  the  depth,  affects  both  the  health  and  labour 
of  the  miner,  and  plays  an  important  part  in  the  ventilation.  The  extensive 
experiments  of  Mr.  W.  J.  Henwood,  conducted  in  the  Cornish  mines,  are 
summed  up  in  the  following  table,  which  exhibits  the  difference  between  the 
temperatures  of  granite  and  slate  rocks : — 

Temperature 
Depth  in  Fathoms.  In  Slate.  In  Oranita. 

urfeceto    60 57* 61-6 

50  to  100 61-3 56-8 

100  to  160 68     .....  65-5 

160  to  200 78 — 

200  and  upwards .    .    .  85*6 81*8 

The  depths  causing  increments  of  temperature  of  one  degree  are  given  in 
the  next  table,  commencing  with  a  normal  temperature  at  the  surface,  of  60**, 
which  corresponds  nearly  with  the  temperature,  53**,  observed  in  the  caves  of 
the  Observatory  at  Paris,  at  a  depth  of  ninety-two  feet. 


"3  . 

M.a 

oa 

•       -                         I 
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boH 

«^                 Deptb. 

J^ 

y 

> 

S 

c3 

09 

o 

OQ 

Ph 

s 

*-^ 

-s 

'^^ 

a 

1 

O 

H 

1* 

a 

Fma. 

Fma. 

Fms. 

Fms. 

Fms. 

Fms. 

Fms. 

Fms. 

Fms. 

Surface  to  50  fathoms      .     . 

9-3 

50 

5-8 

8-2 

(10 

80 

0-5 

40 

6-8 

50  to  100  fatlioms    .... 

81 

71 

81 

0-0 

8-3 

7-3 

C-4 

8-6 

70 

100  to  150fatlioms       .     .     . 

8-3 

8-3 

0-7 

11-0 

7-8 

8-5 

10-5 

8-0 

8-7 

150  to  200  fathoms      ,     .     . 

— 

4-4 

3-7 

4-0 

0-3 

— 

30 

4-5 

4-5 

200  fathoms  and  beyond  .     . 

7-5 

65 

9-5 

3-9 

5-2 

5-1 

— 

60 

0-4 

8-5 

0-2 

0-7 

G-8 

0*7 

7*.*^» 

rrfi 

6-4 

6-8 

The  temperature  of  the  water  issuing  from  the  Artesian  well  of  Crenelle, 
600  yards  in  depth,  is  82**,  being  an  increase  of  V  per  69  feet  in  depth.  The 
result  of  a  series  of  experiments  at  the  Dukinfield  deep  pit,  in  Lancashire, 
gives  1**  per  51  feet  as  the  increment  of  temperature.  The  mean  of  a  number 
of  observations  on  springs  issuing  in  the  collieries  of  the  north  of  England, 
gives  1'  for  48  feet  in  depth ;  whilst  for  several  mines  in  Saxony,  Huelgoat 
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in  Brittany,  Gnanaxoato  in  Mexico,  and  a  shaft  in  Siberia,  the  depths  coz- 
responding  to  this  alteration  in  the  temperature  of  the  rock  of  the  mine  are 
respectively  77  feet,  47  feet,  86  ieet,  and  30  feet,  exhibiting  consiierable  vari- 
ations, which  local  drcnmstances  will  in  some  measure  explain.  An  isother- 
mal line  near  the  earth's  surface,  in  passing  nnder  a  mountain,  will  be  de- 
flected from  its  course  without  attaining  parallallism  to  the  outline  of  the 
mountain.  Tin  lodes  are  generally  some  degrees  cooler  than  copper  lodes  at 
the  same  depth;  and  an  unusually  high  temperature  is  ordinarily  accepted 
as  an  indication  of  large  deposits  of  copper.  An  example  of  this  has  been 
presented  for  several  years  in  the  north  or  hot  lode  of  the  united  mines, 
where  springs  enter  at  temperatures  even  as  high  as  116"*,  at  a  depth  of 
220  fiathoms.  In  consequence  of  the  insufficient  ventilation  (hardly  adequate 
to  keep  a  candle  alight),  the  temperature  of  the  air  in  which  the  men  worked 
varied  from  100"*  up  to  US'*.  Three  velays  of  men  reHeved  each  other  at 
intervals  of  five  minutes ;  and  on  coming  out  were  deluged  with  water  issuing 
at  a  temperature  of  Qb°  from  a  four-inch  pipe. 

The  small  quantity  of  air  supplied,  was  heated  to  95""  before  it  was  sent  in 
through  a  pipe ;  whereas  ten  times  the  amount  of  air  taken  at  7/)°  from  another 
part  of  the  mine  might  have  been  readily  carried  into  the  level  end,  so  as  to 
keep  Ihe  temperature  of  the  working  places  below  85^  Fifteen  minutes 
in  this  atmosphere  is  sufficient  to  produce  the  sensation  of  fiunting — in  one 
instance  it  resulted  in  death ;  and  the  cost  of  driving  the  levels  is  multiplied 
not  less  than  twelve  times,  by  the  neglect  of  the  proper  means  and  appliances 
£nr  ventilation.  The  miners  on  returning  to  the  surfEuse  from  this  mine, 
suffer  much  from  cold  and  pains  in  the  jdnts.  Humanity  recoils  at  thia 
unnecessary  waste  of  health  and  life. 

The  temperature  of  the  air  in  Cornish  mines,  at  great  depths,  has  been 
general]^  found  to  exceed,  by  some  degrees,  the  temperature  of  the  lode ;  this 
can  only  be  attributable  to  the  heat  given  off  by  the  men  and  the  lights, 
and  is  a  proof  of  the  stagnant  state  of  the  air.  Thus,  in  Tresavean  the 
rock,  at  264  fitthoms,  exhibited  from  8a°  to  85'' ;  the  air  86^  In  the  Consoli- 
dated Mines  in  Cornwall,  at  260  and  287  fsithoms,  the  temperature  of  the  rook 
was  86**  and  98'' ;  the  temperatoie  of  the  air  respectively  87^  and  94'*.  At  the 
294  fiithom  level  the  air  stood  at  from  94°  to  96'',  whikt  the  rock  exhibited 
02)^"  to  98^*.  The  air  in  these  two  mines  has  been  observed  at  temperatures 
as  high  as  95"  and  98**  respectively.  In  the  Monkwearmouth  Colliery,  the 
deepest  coal-mine  in  England,  at  800  fethoms  the  returning  air  has  been  known 
to  reach  89",  aUhough  its  ordinary  range  is  from  78*"  to  d(f ;  but  it  is  remark- 
able amongst  the  great  north  of  England  collieries  for  the  small  and  inade- 
quate amount  of  fresh  air  which  can  be  passed  up  and  down  its  single 
ibaft 

Hie  return-air  of  well-ventilated  mines,  whilst  the  men  are  at  work, 
varies  ordinarily,  at  a  depth  of  400  yards,  between  62''  and  68«,  which  repre- 
sent the  temperature  of  the  working-places,  either  in  summer  or  winter.  The 
loss  in  the  amount  of  work  performed  at  high  temperatures,  offers  a  large 
pvemium  for  attention  to  underground  ventilation;  and  yet  comparatively 
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few  of  the  managers  of  mines  understand  the  principles  which  govern  the 
'  motions  of  the  atmosphere.  Coolomb  eansed  extensive  works  to  be  executed 
by  the  troops  at  Martinico,  where  the  thermometer  is  seldom  lower  than  77^  of 
Fahrenheit.  "I  lutve  executed/'  he  says,  "  works  of  the  same  kind  by  the 
troops  in  France,  and  I  can  affirm  that  under  the  fourteenth  degree  of  latitude, 
where  men  are  almost  always  covered  with  perspiration,  they  are  not  capable 
of  doing  half  the  work  they  could  perform  in  our  climate." 

The  following  table  illustrates  the  changes  of  temperature  exhibited  by 
the  air  in  passing  through  the  Marquis  Pit : — 


At  the  surface 

At  120  yards  deep 

At  246  yards  deep 

Horse- road  between  shaft  and  work 

The  workings 

In  the  gobbing  or  floor  .... 
Salt  water  in  the  air- way  .... 
In  the  egress  air-way 


Men  and  lads  in  the  pit 

Horses 

Candles  lighted    .     .     . 


Fah. 

Fah. 

Fah. 

Fah. 

Fah. 

79' 

62- 

57- 

50- 

55- 

78 

60 

55 

51 

56 

68 

59 

55 

59 

58 

— 

60 

00 

5r 

60 

73 

69 

67 

68 

69 

— 

67 

68 

68 

05 

— 

68 

61 

61 

60 

— 

69 

68 

67 

68 

__ 

81 

81 

80 

80 

— 

.  21 

21 

21 

22 

— 

96 

100 

100 

100 

The  workings  are  from  800  to  1200  yards  distaxvt  from  the  bottom  of  the  shaft. 
In  districts  where  ventilation  is  not  understood,  it  is  commonly  asserted  by 
miners  and  others,  that  the  deeper  the  mine  the  more  difficult  the  ventilation ; 
when,  as  will  presently  be  shown,  the  contrary  should  be  the  case.  Many  parts 
of  the  deep  metalliferous  mines  are  altogether  abandoned  in  consequence  of 
the  poor  air  and  high  temperature.  That  this  is  neither  due  to  the  heat  commu- 
nicated by  the  rock,  however  deep  the  shaft,  nor  to  the  thousands  of  yards  which 
it  may  be  indispensable  for  the  air  to  travel  before  it  reaches  the  sur&ce, 
may  be  illustrated  by  an  experiment  at  the  Seaton  Gollieiy.  The  shaft  was 
260  fEithoms  in  depth  and  14  feet  in  diameter,  divided  in  the  middle  by  an 
air-tig^t  partition  ("  brattice  ").  The  mine  had  not  been  worked  for  two 
years.  The  length  of  the  air-course  underground  was  1012  yards,  and 
the  area  of  the  passage  24  square  feet  The  Eoibyoe  of  the  air-course  exposed 
to  the  air  was  60,720  superficial  feet,  at  a  temperature  of  80-.  The  air  at  the 
top  of  the  shaft  was  at  44-,  which  rose  to  49^-  as  it  readied  the  bottom  of  the 
shaft.  7000  cubic  feet  of  air  per  minute  passed  through  the  air-course ;  and 
although  exposed  in  its  passage  for  ten  minutes  to  surfaces  of  rock  80-  higher 
in  temperature,  it  only  gained  8-  in  travelling  upwards  of  half  a  mile  from 
shaft  to  shaft.  The  air  gained  5^''  in  descending,  according  to  the  usual  rule 
of  l""  increase  of  temperature  for  every  800  feet  of  descent,  due  to  the  increased 
pressure  of  the  air,  which  it  again  lost  on  returning  to  the  surface,  where  it 
exhibited  a  temperature  of  46*'. 

According  to  the  expeximents  of  Despretz,  a  miner,  on  the  averacre  (Hves 
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off  sufficient  heat  to  raise  34,000  cubic  feet  of  air  at  5!f ,  one  degree  in  tempe- 
rature per  hour.  His  candle  will  communicate  this  temperature  in  the  same 
time  to  26,000  cubic  feet.  The  heating  power  of  20  men  and  their  lights 
would  raise,  therefore,  2000  cubic  feet  of  air  per  minute,  twelve  degrees  of 
Fahrenheit,  viz.  52<*  to  64**,  the  temperature  of  a  well-ventilated  working- 
place.  Without  taking  into  consideration  the  temperature  of  the  rocks,  100 
cubic  feet  of  air  per  minute  would  be  then  required  to  be  supplied  by  the 
ventilating  current,  and  400  cubic  feet  for  a  horse,  in  order  to  keep  the  tem- 
perature of  working-places  within  proper  hmits. 

In  the  ends  where  miners  work,  there  is  often  a  difEbrence  of  several 
degrees  between  the  warmth  of  the  air  at  their  feet  and  at  their  heads,  where 
t^v  ^Miction  of  leaxnration  is  going  on — an  example  of  the  imperfect  diffusion 
of  ga8d6  which  takes  place,  but  a  m'^ans  of  assisting  the  drculation  of  the  air, 
provided  the  main  current  were  brought  near  the  workman.  In  hot  mines, 
the  men  are  more  subject  to  take  cold,  either  from  passing  to  and  fro  into  the 
cooler  incoming  air,  or  in  walking  home.  The  boys  between  ten  and  fifteen, 
who  bring  out  the  minerals  from  the  working  places,  are  in  a  perpetual 
change  of  temperature,  dften  of  20"*  every  few  minutes ;  and  consequently 
suffer  in  a  high  degree  from  pulmonary  complaints. 

Although  man  can  bear  for  a  short  time,  without  serious  results  ensuing, 
temperatures  varying  from  —  50*  up  to  -|-  300**  Fah.,  and  pressures  of  three  to 
four  atmospheres  in  a  diving-bell,  or  its  reduction  to  only  half  an  atmosphere 
on  the  summit  of  Mont  Bknc,  we  perceive,  by  the  physical  differences  of  races 
inhabiting  the  temperate  and  torrid  zones,  mountainous  districts,  or  flat 
countries  nearly  level  with  the  sea,  how  large  an  effect  on  the  human  fhime 
comparatively  small  atmospheric  differences  may  produce. 

The  pressure  of  the  air  in  mines  has  been  shown  to  slightly  augment  the 
temperature,  the  latent  heat  becoming  sensible  by  compression.  It  also  ex- 
ercises an  almost  inappreciable  effect  in  supplying  more  readily  the  requisite 
quantity  of  oxygen  to  the  lungs.  Persons  have  sometimes  imagined  that 
they  experienced  an  addition  of  strength  from  this  cause,  whilst  in  the  fresh 
air  at  the  bottom  of  the  deepest  mines ;  but  as  this  additional  pressure  never 
exceeds  oneienth  of  an  atmosphere,  the  effect  of  which,  as  regards  the  com- 
pression of  the  oxygen,  would  be  the  same  as  that  caused  by  a  lowering  of 
the  temperature  of  the  air  at  the  surface  by  50"*,  it  is  probable  that  it  does  not 
materially  benefit  the  miner.  Asthmatic  colliers  prefer  working  in  the  Monk- 
wearmouth  deep  pit,  to  wliich  I  have  referred,  feeling  temporarily  relieved; 
but  this  may  arise  from  the  high  temperature — liked,  indeed,  by  most  old 
miners,  however  ii^jurious  to  health  and  strength  may  be  the  conditions  which 
attend  it.  The  pressure  of  air  produced  by  a  force-pump  has  been  employed 
for  sinldng  several  shafts  on  the  Continent  through  quicksands,  and  the  water- 
bearing marls  of  the  chalk  fonoation.  The  application  of  this  apparatus  is  due 
toM.Triger,who  applied  it  in  the  year  1839  iu  sinking  a  shaft  sixty-three  feet 
deep  through  quicksand  near  Ohallonnes,  <m  the  banks  of  the  Loire,  which 
flowed  freely  into  any  excavation  attempted  to  oe  made  to  reach  the  coal 
strata  beneath*    The  following  figures  represent  the  shaft  and  apparatus. 
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The  wroughtriron  tube  A  A,  four 
feet  six  inches  in  diameter,  was  first 
driven  in  by  a  monkey.  Thewronght- 
iron  case  B  £ ,  in  principle  resembling 
a  diving-belly  was  lowered  by  the  rope 
C,  and  fixed  by  air-tight  wedging  at 
DD.  The  case  was  provided  at  E 
and  F  with  man-doors  opening  down- 
wards, by  which  the  workmen  en- 
tered the  case  or  passed  through  it  to 
the  bottom  of  the  shaft.  The  pipe  G 
conveyed  the  air  into  the  bottom  of  the 
shaft ;  whilst  the  water  which  could 
not  be  forced  back  by  the  pressure, 
escaped  by  the  pipe  H  to  the  surface. 
Each  of  these  pipes  was  furnished 
with  cocks.  J  and  K  are  the  cocks  for 
equalising  the  pressure  of  the  air. 
The  pressure-gauge  and  safety-valve 
are  lettered  L  and  M.  After  the  work- 
men had  passed  through  the  upper 
man-door,  the  air  in  the  case  and 
underneath  it  was  condensed  by  the 
air-pump  to  a  pressure  not  exceeding 
three  and  a  half  atmospheres.  In  as- 
cending, or  in  removing  the  material 
excavated  from  the  case,  the  lower 
man-door  was  first  closed  ,*  and  by  the 
cock  J  in  twenty  miuutes  the  pressure 
was  relieved,  and  the  upper  man-door 
was  opened.  As  the  shaft  was  sunk, 
lengths  of  wrought-iron  tubeing  were 
added ;  and  after  the  excavation  had 
penetrated  six  yards  into  the  solid 
rock,  strong  wooden  curbs  were  joined 
into  the  bottom  of  the  tubeing. 

The  effects  produced  on  the 
miners  working  in  this  atmosphere 
were  very  remarkable.  In  conse- 
quence of  the  pressure  of  air,  speak- 
ing required  an  effort,  and  the  voioe 
assumed  a  nasal  tone,  whilst  some 
of  the  higher  notes  of  the  voice  were 
lust.  It  was  imposrible  to  whistle; 
and  one  miner  somewhat  deaf  could 
hear  better    than  his  companions. 
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'The  pulse  was  not  quickened ;  respiration  was  slower,  and  more  free ;  the 
actual  labour  at  the  bottom  or  in  ascending  the  ladders  was  less  than  in 
ordinary  air ;  but  oil  the  workmen,  with  one  exception,  were  attacked,  after 
quitting  the  apparatus,  with  severe  paius  in  the  joints,  which  required  the 
use  of  hot-baths  and  rubbing  with  spirits  of  wine  or  ether  to  remore.  The 
combustion  of  the  candles  proceeded  so  rapidly,  and  created  so  dense  a 
amoke,  that  hempen  had  to  be  substituted  for  cotton  wicks.  On  opening  the 
cock  j,  to  allow  the  air  in  the  case  to  escape,  it  was  filled  by  a  dense  aiu! 
intensely  cold  fog,  caused  by  the  absorption  of  heat  by  the  air  in  expanding. 
The  effects  were  most  injurious  when  the  men  had  made  a  full  meal,  or 
had  indulged  in  any  excess  before  coming  to  work,  or  when  the  pressure 
of  the  air  was  thrown  on  or  off  too  suddenly.  The  foreman  and  one  of  the  new 
hands  died  from  its  effects ;  and  a  serious  accident  occurred  in  sinkiog  the 
Douchy  shaft,  near  Valenciennes,  by  the  bursting  of  the  case,  which  caused 
the  death  of  six  men.  This,  and  the  sufferings  of  the  workmen  when  exposed 
to  a  pressure  as  high  as  SAths  atmospheres  for  four  hours  succeaaiYely, 
hare  prevented  this  system  from  being  resorted  to  except  in  extreme  cases. 

Moitture. — ^The  air  in  mines  is  charged  with  moisture :  the  hazy  atmo- 
sphere underground,  and  the  appearance  of  the  air  issuing  from  the  mine 
even  on  a  warm  day,  attest  this.  On  a  hot  summer  day  the  phenomenon  may 
sometimes  be  observed  of  moisture  condensed  on  the  inside  of  the  shaft,  and 
on  ihe  surface  of  the  iniue,  in  consequence  of  the  air  cooling  iu  its  descent ;  the 
air  being  at  the  same  time  brought  nearly  to  the  point  of  saturation  with  aqueous 
vapour.  Numerous  observations  with  the  hygrometer,  both  in  Belgium  and 
in  England,  exhibit  the  het  that  the  current  of  air,  however  dty  it  may  have 
entered,  after  it  has  passed  through  indifferently  ventilated  worldng  places,  is 
nearly  at  the  point  of  saturation.  The  more  vitiated  the  air,  the  greater  the 
amount  of  moisture,  as  the  following  considerations  will  explain.  A  working 
miner  exhales  and  throws  off  in  perspiration  from  6  to  8  lbs.  of  water  per  day. 
Horses  perspire  more  freely  than  other  animals.  To  be  added  to  these 
sources  of  moisture  is  that  acquired  by  the  air  in  descending  or  traversing 
wet  shafts  and  airways,  or  derived  from  the  combustion  of  lights  and  gun- 
powder. Dr.  Hanot  remarks,  that  this  condition  of  the  atmosphere  is  one  of 
the  most  hurtful  to  the  animal  economy.  The  various  functions  languish ; 
the  tissues  become  relaxed ;  the  fluids  of  the  human  body  tend  to  escape, 
in  conaequenoe  of  the  accumulation  of  caloric ;  and  soon  the  perspiration 
which  the  air,  already  charged  with  humidity,  is  unable  to  carry  off,  streams 
down  the  bodies  of  l^oee  worldng  under  these  influences.  The  impurity  of 
tihe  air,  in  its  relation  to  the  health  of  the  workmen  in  the  mines  where  they 
work,  can  be  estimated  from  the  number  of  degrees  of  the  thermometer,  com- 
pared with  those  of  the  hygrometer;  and  from  the  degree  of  hei^t  at  which 
these  instruments  stand,  a  conclusion  can  be  drawn  as  to  the  degree  of  conrnp*. 
turn  of  the  atmosphere  of  the  mine.  By  a  judicious  use  of  the  thermometer: 
alone,  and  observing  its  gradual  rise  in  walking  from  the  shafts  by  which  the 
air  enters  up  to  the  working  places,  the  localities  of  defective  ventilation  may 
be  detected  as  well  as  the  leakagiBS  of  impure  air  from  old  workings,  which 
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might  otherwise  escape  observatioii.  It  is  well  known  that  high  tempeia- 
tores  accompanied  with  moisture,  especially  zapid  changes  of  them,  are  ex- 
tremely prodactire  of  disease  amongst  artizans.  Moisture  is  the  very  common 
Tehide  in  which  other  agents  of  disease  are  dissolved  and  brought  into  action 
with  greater  intensity.  These  facts  have  an  important  bearing  when  we  con- 
sider the  amount  of  malaria  now  pervading  the  air  of  mines.  It  is  sufficiently 
evident,  that  to  obtain  the  greatest  amount  of  work  from  a  man  in  a  given 
time,  it  is  necessary  to  supply  air  not  only  cool,  but  tolerably  dry. 

Ihut. — ^The  dust  which  floats  in  the  air,  of  some  collieries  more  particu- 
larly, is  often  referred  to  as  productive  of  permanent  injury ;  but  more  accu- 
rate observations  have  determined  that  melanosis  and  othc^  affisctions  which 
may  result  from  it,  are  also  produced  in  other  mines,  and  are  attributable 
rather  to  the  carbon  arising  from  the  imperfect  combustion  of  tallow  or  oil 
of  bad  quality,  which  prevents  the  free  access  of  oxygen  to  act  on  the  blood. 
Carbon,  after  a  time,  actually  appears  to  be  formed  in  the  lungs,  tiie  fine 
Boot  being  found  to  deposit  in  the  creases  of  the  tissues  of  the  membrane  of 
the  lungs.  Few  miners  are  exempt  from  this  affiaetion-Hlt  claims  a  pre- 
aoriptive  right  of  residence ;  whereas  coal-dust  is  thrown  off  by  coughing 
and  expectoration.  The  disease  seldom,  if  ever,  occurs  amongst  men  working 
in  coal-dust  on  the  surface.  The  managers  of  some  mines  are  deservedly 
particular  in  obtaining  the  best  quality  of  candles  and  oil  for  lighting,  in  order 
to  avoid  the  loss  and  ii^ury  arising  from  imperfect  combustion — ^on  evil 
iddch  is  aggravated  and  rendered  doubly  pernicious  by  poor  air. 

On  the  other  hand,  cases  have  been  known  where  a  cloud  of  dust  has  alone 
produced  suffocation.  In  one  instance,  the  person  unconsciously  inhaled  tiie 
dust  brought  by  a  rapid  cuirent  of  air  on  the  upsetting  of  a  tram  of  fine  coal : 
in  another,  two  men  were  found  dead  in  a  ladder-shaft,  with  their  candles  still 
alight,  but  covered  with  dust  thrown  up  by  an  explosion  of  fire-damp.  The 
effect  could  not  have  been  due  to  the  irrespirable  gases  which  result  from  such 
an  explosion,  otherwise  the  lights  would  have  been  also  extinguished.  It  is 
probably  owing  to  the  hot,  fiery  dust,  vomited  forth  in  a  black  cloud  even  to  the 
surfiaoe,  which  accompanies  tiiese  explosions,  that  the  number  of  deaths  from 
suffocation,  amounting  often  to  seventy  per  cent  of  the  number  of  the  killed, 
is  chiefly  to  be  attributed.  GoUiers  have  been  enabled  to  pass  many  hundred 
yards  past  the  bodies  of  their  dead  and  dying  companions,  by  simply  cover- 
ing the  organs  of  respiration  with  a  thickness  of  doth ;  if  first  wetted  and  tied 
over  the  feuse,  so  much  the  better.  In  July  hut,  a  Welsh  collier,  in  company 
with  four  others,  descended  a  shaft  filled  with  a  cloud  of  this  dust,  in  the 
heroic,  though  rash  endeavour  to  succour  ten  of  his  fellow  workmen  who  had 
been  overcome  by  an  explosion  of  fire-damp.  The  leader  of  tins  forlorn-hope 
fell  a  victim  to  his  humanity.  In  commencing  some  of  the  workings  in  the 
interior  of  the  Standedge  railway  tunnel,  nearly  one-third  of  the  miners  were 
prostrated  by  a  pulmonary  complaint  affecting  both  their  strength  and  their 
throats.  By  stopping  the  smoke  from  the  fires  of  the  canal  boats,  and  by  better 
Tentflation,  the  evil  was  removed. 

flaaitaiy  Sffaeta  aaA  Xoxtality- — Deprived  as  a  miner  is,  at  least 
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in  the  winter  months,  of  the  beneficial  rays  of  sunlight  for  six  days  out  of 
seven,  it  is  difficult  altogether  to  reject  the  idea  that  he  permanently  sufEeis 
from  this  cause,  although  it  is  difficult  to  estimate  its  results.  In  hot  climates 
the  shady  side  of  a  street,  under  some  circumstances,  is  more  unhealthy  than 
the  other,  and  individuals  labouriog  under  asthmatic  complaints  are  very  sensi- 
tive to  the  benefit  of  light ;  but  much,  no  doubt,  is  also  due  to  the  heatiug  and 
rarifying  rays.  On  this  has  been  founded,  and  with  some  justice,  an  ar- 
gument, for  working  two  shifts  or  turns  of  men  underground — the  first  from 
4  A.M.  till  12,  and  the  second  from  12  a.m.  till  8  p^m.  The  miniug  enguxeers 
of  Belgium  are,  however,  mostly  of  opinion  that  the  night-work  in  their  mines 
is  preferable  to  the  day-work,  and  does  not  so  seriously  affect  the  workmen; 
ona  of  the  arguments  used  being,  that  from  the  surfeuse  atmosphere  being 
cooler,  the  ventilation  is  better  by  night  than  by  day. 

It  is  unnecessary  to  enter  at  length  into  the  effect  of  the  vaziely  of  ex- 
halations and  miasmata  proceeding  from  the  putrid  fermentations  of  animal 
and  vegetable  matters  underground,  as  they  are  well  known  evoi  upon  the 
surface.  In  these  confined  channels,  where  the  accumulations  exist  at  every 
step,  the  warm,  moist  atmosphere  gives  them  every  facility  to  produce  their 
direst  efiects.  IVhen  it  is  considered,  however,  that  each  workman  produces 
46  lbs.  of  excrement  per  annum,  and  that  this,  neglecting  all  sanitary  laws, 
is  allowed  to  remain  in  and  about  the  working  places,  and  in  the  dead  ends 
which  the  air  current  does  not  enter,  it  is  evident  that  a  fertile  source  of 
miasmata  exists,  whatever  care  may  be  used  in  covering  the  deposit ;  while 
underground  stables  and  accumulated  dungheaps  are  often  most  injudiciously 
placed  close  to  the  incoming  air,  in  which  also  the  horses  stand,  or  are  con- 
stantiy  working  to  and  fro ;  and  almost  a  forest  of  timber,  used  for  supporting 
the  roof  and  sides,  is  continually  undergoing  dry  rot,  which  under  bad  venti- 
lation consumes  it  in  two  years.  It  will  be  seen  that  the  old  workings,  tech- 
nically called  goa£i  or  deads,  are  also  vast  laboratories  for  the  decomposition 
of  minerals,  timber,  and  animal  remauis.  It  is  a  common  thing,  indeed,  to 
find  openings  left  from  them  into  the  incoming  vital  current  of  air  for  the 
free  percolation  of  the  noxious  products  in  sufficient  quantity  to  extinguish  a 
candle  at  the  point  where  they  enter. 

In  places  where  such  accumulations  are  unavoidable,  if  the  whole  space 
is  not  completely  closed  by  the  pressure  of  the  ground,  a  slight  current  of  aii 
carried  through  or  above  them  into  some  surfEu^e  outiet,  or  into  the  outgoing 
air,  will  remove  or  moderate  the  evil  effects.  Stables  should  be  kept  dean, 
and  frequentiy  whitewashed ;  but  horses  in  mines  generally  thrive  well,  as 
they  work  in  the  purest  of  the  air,  before  it  has  reached  the  men. 

The  other  nuisance  alluded  to  was  at  the  Standedge  tunnel,  remedied 
by  supplying  iron  trams  with  iron  lids  on  hinges  to  each  rai^e  of  work, 
and  placing  them  in  the  outgoing  air.  They  were  brought  out  every  few 
days  to  be  emptied,  and  in  two  years  paid  their  cost  In  estimating  the 
effect  in  producing  disease  of  all  the  various  causes  which  we  have  described, 
it  must  be  recollected  tliat  the  adult  workmen  are  seldom  exposed  to  their 
action,  where  the  concentration  is  greatest,  for  more  than  eight  hours  con- 


Digiti 


izedbyGOOgU 


112  SATB  OF  HOBTALITT  AMONG  MINERS. 

secntively.  Many  of  fhem  pass  occasionallj  in  and  out  of  the  working 
place  at  meals  and  other  times ;  and  many  of  the  lads  are  as  mach  in  the  air 
current  (whatever  that  may  be)  as  in  the  nnventilated  ends. 

Mr.  Ratcliffe's  tables  give  the  duration  of  life  of  miners  at  not  much  under 
the  average  of  England  and  Wales ;  but  appended  to  them  is  this  remark : — 
'*  This  class  of  lives  shows  a  very  large  amount  of  average  sickness  at  eveiy 
period,  and  increased  sickness  with  advance  of  years.  From  the  very  nature 
of  the  employment,  this  was  to  have  been  anticipated,  but  not  to  such  an  ex- 
tent as  appears  from  liiese  results.  At  age  20,  miners  experience  an  average 
sickness  of  46  per  cent,  more  than  the  general  dass ;  at  age  30  they  show 
70  per  cent. ;  at  40  years,  78  per  cent. ;  at  50  years,  76  per  cent ;  and  at  60 
years,  58  per  cent,  more  average  sickness  than  the  general  class  of  lives.  The 
aggregate  amount  of  sickness  experienced  by  miners  for  the  period  of  life 
20 — 60  is  95  weeks,  showing  an  excess  of  about  67  per  cent,  more  than  the 
general  results.  Had  these  lives  which  form  4*98  per  cent,  of  the  general 
class  been  first  extracted  therefrom  (which  should  have  been  done),  it  would 
have  shown  a  less  amount  of  average  sickness  experienced  by  the  general 
dass,  and  consequently  would  have  proved  that  miners  are  subject  to  more 
average  sickness  per  annum  in  excess  of  the  general  dass  than  appears  to 
exist"  ' 

But  these  tables  do  not  indude  lives  under  18  years,  before  which  time  it 
will  be  shown  that  not  only  disease,  but  an  excessive  mortality  occurs.  The 
Registrar- General  has  supplied  some  valuable  statistics  respecting  the  mining 
population,  numbering  10,690,  in  the  district  of  Merthyr  Tydfil,  forming  part 
of  a  population  of  41,425  males,  and  85,379  females.  The  town  and  rural 
population  are  about  equally  divided : — 


Age. 

cent,  of  males  in  Englana, 

eent.  ofooilienandniiiienin 

1898  to  1850. 

Merthyr  TTdlU,  1840  to  18U. 

10 

.     .           515     .     .     . 

1-632 

15 

•825     ..     . 

2-055 

25 

.     .       1001     .     .     . 

1-999 

85 

.     .       1-283     .     .     . 

......       2-296 

45 

.     .       1-843     .     .     . 

3-308 

55 

.     .      8-203     .     .     . 

5-450 

65 

.     .      6-746    .     .     . 

12-639 

75 

.     .     14-745     .     .     . 

21-818 

85  and  upwards 

.     .     38-424     .     .     . 

53-333 

This  table  affords  a  comparison  in  the  rates  of  mortality  at  different  ages 
between  males  in  England  generally,  and  the  miners  in  this  district ;  and  shows 
that  the  noxious  influences  at  work  on  these  miners  are  suffident  to  treble 
the  destraction  of  life  between  the  ages  of  ten  and  twenty-five.  The  ratio  is, 
in  fiict,  still  higher  at  the  commencement,  showing  how  immediately  destruc- 
tive are  such  causes  to  the  constitution  at  an  early  age ;  and  how  the  hardier 
constitntions  who  survive  the  first  trial  to  health,  become  more  acclimatized. 
It  is  also  found  that  between  the  ages  of  fifteen  and  twenty-five  one-third  of 
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the  deaths  occur  from  diseases  of  the  respiratory  organs,  and  that  more  than 
one-third  of  the  miners  meet  with  violent  deaths. 

The  next  table  exhibits  the  after-lifetime,  or  prospect  of  life,  of  males  in 
England,  and  of  colliers  and  miners  in  the  Merthyr  Tydfil  district,  at  dif- 
ferent ages. 

After-lifetime. 
Age.  Maleebi  England.        CoUiem  A; Misers  in  Merthjr TydflL 


Tears. 

Tears. 

16  .  .  . 

.  .  .  43-62  .  .  . 

.  .  .  81-76 

26  .  .  . 

.  .  .  3660  .  .  . 

.  .  .  27-86 

86  .  .  . 

•  .  .  29-82  .  .  . 

.  ,  .  22-92 

46  .  .  . 

.  .  ,  28-13  .  .  . 

.  .  .  17-54 

65  .  .  . 

.  .  .  16-66  ,  .  . 

.  .  .  12-44 

66  .  .  . 

.  .  .  10-90  .  .  . 

.  .  .   7-77 

76  .  .  . 

.  .  .   657  .  .  . 

.  .  .   5-61 

86  .  .  . 

.  .  .   8-74  .  .  . 

.  .  .   4-63 

96  .  .  . 

.  .  .   211  .  .  . 

.  .  •   4-80 

The  table  may  be  read  thus : — ^Men  who  attain  the  age  of  25  wiU  lire,  on 
an  average,  27-86  years  in  Merthyr  Tydfil,  if  their  occupation  is  that  of  a 
collier  or  miner.  The  mean  after-lifetime  of  a  miner  or  collier  aged  25  is, 
therefore,  27*86  years  in  Merthyr  Tydfil;  while  the  mean  after-lifetime  of  a 
man  aged  25,  is  36*60  in  England  generally.  The  vital  statistics  of  the  popu- 
lation generally  of  the  parish  of  Merthyr  Tydfil,  as  compiled  by  Dr.  Kay, 
exhibit  a  veiy  high  rate  of  mortality.  It  is  under  the  influence  of  the 
wealthy  proprietors  of  its  noted  iron-works  and  mines ;  and  though  its  situa 
tion  is  naturally  healthy,  being  at  the  head  of  a  rural  valley,  it  is  remarkable 
as  approaching— perhaps  more  than  any  other  town  in  England,  and  as 
nearly  as  habitations  on  the  sur&ce  can  do — to  the  unventilated  and  noxious 
condition  of  the  mines  of  this  country.  A  conclusion  might  be  drawn,  that 
the  pernicious  influences  to  which  the  miner  is  subjected  in  his  subterranean 
labours  are  so  great,  that  he  passes  almost  unscathed  by  the  malaria  on 
the  surface. 

In  Cornwall,  it  has  been  ascertained  that  61  per  cent,  of  the  miners  die 
from  diseases  of  the  chest,  and  only  81  per  cent,  of  the  rest  of  the  population. 
Pulmonary  emphysema,  asthmatic  affections,  rheumatism  of  the  joints,  and 
pneumonia,  are  the  commonest  diseases  amongst  miners,  and  proceed  from  the 
conditions  in  which  they  work.  When  young  boys  are  sent  into  the  mines, 
their  growth  is  generally  checked,  and  the  vital  processes  seem,  for  a  time,  to 
go  back,  until  they  accumulate  strength.  The  chest  frequently  enlarges  un- 
naturally to  allow  of  breathing  in  positions  and  circumstances  which  nature 
has  evidently  not  provided  for :  certain  parts  of  the  frame  are  developed  at  the 
expense  of  others.  Some  mines  are  noted  for  particular  diseases ;  one, 
belonging  to  seams  about  three-quarters  of  a  yard  in  thickness,  is  called  the 
three-quarter  cough.  A  peculiar  disease,  anemia,  showed  itself  extensively 
at  one  time  in  Belgium ;  the  skin  became  the  colour  of  wax,  the  veins  con- 
traoied,  and  the  circulation  almost  ceased.    It  was,  in  fieust,  one  of  the  extremt 
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Tesultd  of  that  enfeebled  state  of  the  vital  functions  which  is  the  normal  con- 
dition of  miners  when  subjected  to  insufficient  ventilation. 

In  the  Report  of  the  Children's  Employment  Commission  on  Mines,  1 B42, 
it  is  remarked — "  The  iron-stone  pits  are  in  general  less  perfectly  ventilated 
and  drained  than  the  coal-mines,  and  are  therefore  still  more  unhealthy,  pro- 
ducing the  same  physical  deterioration,  and  the  same  diseases,  but  in  a  more 
intense  degree.  The  ultimate  effect  of  the  disadvantageous  circumstances 
under  which  the  miner  in  tin,  copper,  lead,  and  zinc  mines  is  obliged  to 
pursue  his  laborious  occupation,  is  the  production  of  certain  diseases 
(seated  chiefly  in  the  organs  of  respiration),  by  which  he  is  rendered  in- 
capable of  following  his  work,  and  by  which  his  existence  is  terminated  at 
an  earlier  period  than  is  common  in  other  branches  of  industry,  not  ex- 
cepting even  that  of  the  collier.  The  primary,  and  ever- acting  agent,  which 
principally  produces  this  effect,  is  the  noxious  air  of  the  places  in  which  the 
work  is  carried  on."  A  surgeon  writes — "  In  reality,  what  is  this  number  of 
violent  deaths  (and  I  appeal  to  my  fellow-practitioners  at  collieries)  compared 
with  those  thousands  of  persons  who  advance  day  by  day  bowed  down  to  a 
premature  death,  arising  from  their  occupation,  and  which  brings  on  an  old 
age,  overwhelmed  with  infirmity,  at  a  period  when  other  men  still  enjoy  the 
plenitude  of  their  strength  ?  " 

In  the  following  table  will  be  found  the  relative  numbers  of  miners  and 
agricultural  labourers  employed  at  each  age  in  Great  Britain : — 
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The  latter  class  is  selected  for  comparison,  inasmuch  as  mining  is  usually 
carried  on  in  or  near  agricultural  districts,  and  the  wasting  ranks  of  the  miners 
are  supplied  from  them ;  and  it  wiU  be  shown  that  the  occupation  of  the  ndner 
is  not  necessarily  much  more  unhealthy.  The  last  four  columns  present,  as 
well  as  the  materials  for  such  a  calculation  would  allow,  the  average  ages  of 
the  whole  of  the  persons  following  these  occupations  in  1851,  the  ages  of  com- 
mencing and  leaving  off  work,  and  the  average  number  of  years  of  work  done 
by  each  class.  Hence  it  appears  that  the  average  age  of  miners  living,  varies 
from  25' 7  years  in  the  case  of  tin  miners,  to  28*9  amongst  lead  miners,  being 
a  difference  of  about  three  years ;  but  this  is  accounted  for  by  the  tin  miners 
commencing  work  at  10}  years  of  age,  the  lead  miners  not  till  about  13  years. 
These  are  the  extremes  of  age  within  which,  on  an  average,  each  of  the  five 
classes  of  miners  begin  to  work. 
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The  result  bears  out  the  opinion  as  to  iron  mines  being  the  nnhealthiest 
of  all,  for,  notwithstanding  that  the  men  do  not  commence  work  until  18  or 
14  years  of  age,  their  span  of  labour  onlj  reaches  26*4  years,  which  is  2}  yearn 
below  the  average  time  in  which  a  miner  wears  out.  The  miners  last  but 
27*7  years,  whilst  42*8  years  are  got  out  of  the  agricultural  labourer.  In 
other  words,  the  lives  of  the  miners,  in  addition  to  excessive  sickness  and 
diminished  strength,  are  shortened  by  an  amount  equivalent  to  more  than 
half  their  working  life. 

These  tables  are,  to  a  great  degree,  confirmed  by  limited  observations  in 
particular  mining  districts.  Mr.  Blee,  in  1847,  comparing  the  agricultural 
and  mining  population  in  OomwaU,  gives  52^  as  the  average  age  of  the  former, 
42  of  the  latter ;  in  neither  case  including  any  below  10  years  of  age.  Again, 
of  the  total  number  of  males  dying  in  10  years,  there  died  per  cent,  between 
the  following  ages — 
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Scomimy  of  Pwe  and  Gool  Als,— It  has  already  been  shown  that 
one-third  of  the  value  of  the  miner  was  cut  off  by  the  hand  of  death ;  but  the 
causes  which  have  brought  him  to  the  tomb  must  have  necessarily  dimi- 
niahed  the  amount  of  work  he  is  able  to  perform,  even  in  his  best  days ;  and 
during  one-fifteenth  of  his  working  life,  he  depends  on  the  sick-club  or  the 
parish  for  support.  He  has  good  grounds,  therefore,  for  demanding  a  high 
rate  of  wages,  and  he  is  especially  in  need  of  the  assistance  of  benefit  societies 
in  his  period  of  trial.  "  As  an  evidence  of  the  good  economy  of  spending 
money  to  lessen  these  terrible  effects  of  the  miners'  occupation,"  Mr.  Blee 
states  that  "  firom  a  return  made  by  the  relieving  officer  of  Gwennap  to  the 
Bedruth  Board  of  Guardians,  he  has  ascertained  that  of  240  families  receiv- 
ing parochial  relief  in  Gwennap,  in  one  quarter  of  a  year,  upwards  of  200 
were  miners'  fitmiHes ;  and  that  of  the  fathers  of  those  femilies  15  had  been 
killed  in  the  mines ;  40  had  been  blinded,  maimed,  or  so  injured  otherwise  by 
mine  accidents,  as  to  be  unable  any  longer  to  earn  their  own  livelihood — 
many  of  the  injuries,  at  different  distances  of  time,  having  terminated  fatally ; 
while  65  have  died,  and  15  others,  who  had  among  them  80  children,  were 
dying  more  or  less  slowly  of  miners'  consumption." 

In  tracing  out  the  remedies  to  be  applied  to  render  the  cell  of  the  miner 
a  fit  place  for  human  beings  to  pass  a  large  portion  of  their  lives,  it  is  neces- 
sary to  point  out  that  it  requires  no  other  remedy,  except  in  a  higher  degree, 
than  we  are  now  adopting  on  the  surface.  The  same  rules  of  ventilation,  the 
same  habits  of  cleanliness,  will  suffice.  The  mines  have  reached  their  present 
condition,  just  in  the- same  manner  as  a  portion  of  any  town  inhabited  by  the 
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poor,  imyisited  by  the  owners  of  the  property  or  intelligent  and  professional 
men,  would  infallibly  become  the  stronghold  of  disease.  Miners  themselves, 
until  the  candles  bum  dimly,  are  so  little  conscious  of  the  effects  of  imperfect 
ventilation,  that  they  commonly  object  to  improvement;  and  yet  they  have 
admitted,  after  a  sufficient  trial  of  a  better  system,  that  they  could  do  one- 
fourth  more  work  in  properly  ventilated  mines. 

There  are  many  mines,  or  parts  of  mines,  which  can  hardly  be  worked  in 
summer,  because  candles  will  not  bum  in  the  working- places.  The  ventila- 
tion entirely  stagnates  in  the  act  of  reversing.  The  powder-smoke  hangs  in 
the  hce  so  as  to  cause  a  delay  of  half  an  hour  after  each  shot  is  fired. 

Such  are  a  few  of  the  conditions  which,  occurring  frequently  amongst  a 
large  number  of  men  in  mines  where  no  artificial  means  of  ventilation  are 
employed,  produce  losses  on  a  large  scale.  They  are  customary,  however, 
and  consequently  seldom  appreciated  by  the  proprietors. 

From  the  evidence  given  by  Mr.  Woodhouse  of  Overseal,  mining  overseer 
of  the  Moira  Collieries,  who  has  had  great  experience  in  the  ventilation  of 
coal-mines,  it  appears  that  a  lai^e  saving  is  invariably  realised  in  practice 
from  the  adoption  of  improved  modes  of  ventilation ;  because  the  constant 
introduction  of  fresh  currents  of  atmospheric  air  into  the  pits,  tends,  in  a  re- 
markable degree,  to  protect  the  woodwork  of  the  mine,  and  to  keep  the  road- 
ways diy  and  in  good  order. 

After  speaking  of  the  drawbacks  from  the  profits  of  collieries  arising  from 
an  imperfect  system  of  ventilation, — ^imperfect  as  regards  the  whole  quantity 
of  air  passed  through  the  workings,  but  still  more  imperfect  as  to  its  distri- 
bution, he  says : — "  The  improved  system  adopted  in  the  collieries  on  the 
Tyne  and  the  Wear,  of  dividing  the  workings  into  districts,  and  so  obtaining  a 
current  of  fresh  air  in  every  division,  may,  in  many  cases,  be  adopted  at  a 
trifling  expense  in  other  countries ;  and  although  the  extent  of  the  workings, 
in  general,  bears  no  proportion  to  those  in  the  collieries  in  the  north,  tibe 
principle  remains  the  same,  and  the  result  would  be  fiivourable  in  a  corres- 
ponding degree.  It  may  be  urged  that  the  immense  quantity  of  gas  given 
out  of  the  coal  in  the  north,  has  called  for  the  improved  system :  this  is  pro- 
bably the  &ct ;  but  there  are  many  advantages  to  be  derived  from  good  venti- 
lation beyond  the  mere  prevention  of  explosion.  In  pits  with  a  rapid  circu- 
lation, the  men  respire  more  freely ;  the  road-ways  are  kept  dry,  and  repaired 
at  less  expense ;  and  the  timber  lasts  longer  by  yean :  and  tiierefore  it  is  a 
matter  of  strict  economy  to  ensure  a  good  ventilation."  There  are  few 
mining  engineers  who  will  not  subscribe  to  the  correctness  of  the  Report  of 
1842 :  "  That  a  mine,  when  properly  ventilated  and  drained,  and  when  botii 
the  main  and  the  side  passages  are  of  tolerable  height,  is  not  only  not  un- 
healthy, but  the  temperature  being  moderate  and  veiy  unifomi,  it  is  con- 
sidered, as  a  place  of  work,  more  salubrious  and  even  agreeable  than  those  in 
which  many  kinds  of  labour  are  carried  on  above  ground."  To  effect  this, 
tlie  chief  regulations  to  be  unremittingly  carried  out  are,  that  no  man 
shall  be  suffered  to  work  in  a  stagnant  atmosphere ;  and  that  the  working 
places  as  now  existing— the  reservoirs  of  all  the  deleterious  gases  brought 
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along  by  the  air-current — shall  have  a  current  sent  through  them  into  every 
part  in  sufficient  quantity  to  dilute  all  the  deleterious  gases,  and  deprive  them 
of  their  power ;  or,  in  the  words  of  the  resolution  passed  by  a  meeting  of 
deputies  from  the  coalmining  interests  of  the  kingdom  in  May  1864 — **  That 
adequate  artificia]  means  of  ventilation  be  provided  at  all  collieries;  and  tliat 
there  shall  be  at  all  times  a  sufficient  current  of  pure  air  through  the  work- 
ings, to  dilute  and  render  innocuous  all  noxious  and  deleterious  gases." 

Altexatlona  in  Panatty  tha  Causa  of  Mottoa  in  Oasas. — ^Air  or  gas 
coniined  in  a  vessel  presses  equally  on  each  square  inch  of  its  surface,  and 
also  on  the  surface  of  any  body  enclosed  within  the  vessel.  Mariotte  demon- 
strated that  under  one-half  of  this  pressure,  the  air  would  occupy  twice  the 
space ;  under  double  the  pressure,  it  would  contract  into  one-half  the  volume. 
In  other  words,  that  the  pressure  is  in  inverse  proportion  to  the  density  of 
the  air  and  the  space  it  occupies.  The  pressure  of  the  air  in  the  vessel  caiii 
be  readily  ascertained  by  fittiug  a  bent  glass  tube  into  the  side,  and  measuring 
the  height  of  the  liquid  mercury,  oil,  or  water,  which  is 
supported  by  the  pressure.  Such  an  instrument  (re- 
presented at  A,  fig.  8)  is  the  ordinary  barometer,  in 
which  thirty  inches  of  mercury  will  support  a  pres- 
sure equivalent  to  that  of  the  whole  atmospheric 
column,  or  to  20,250  feet  of  homogeneous  atmosphere, 
at  a  temperature  of  82".  The  weight  of  a  column  of 
mercury  one  foot  square  and  thirty  inches  high, 
weighs  at  82'',  2122  lbs.  The  pressure  of  diy  air 
will,  therefore,  be  equal  to  nearly  10  cwt  on  each 
square  foot  of  sur&ce.  If  the  tube  is  open  at  the 
top,  like  the  ordinary  water-gauge  used  in  mines,  the 
height  of  a  column  of  water  in  the  tube  B  measures  the  variations  between 
the  pressure  in  the  vessel  and  that  of  the  sir  outside.  According  to  the 
most  accurate  experiments,  100  cubic  inches  of  air  at  60*,  and  80  inches  of 
mercury,  weigh  81*0117  grains;  18*06  cubic  feet  are  therefore  contained  in 
1  lb.  The  heights  of  columns  of  equal  weight  and  area  are— of  quicksilver, 
0-88  inches ;  of  water,  1  foot ;  of  air,  815  feet. 

Gay  Lussao  found  that  air  expanded  uniformly  by  equal  additions  of  heat; 
and  the  later  experiments  of  Magnus  and  Begnault  have  determined  that 
this  expansion  for  each  degree  of  Fahrenheit  is  1 -459th  part  of  the  volume 
of  the  air  at  zero ;  consequently  the  increase  in  bulk  at  any  higher  temper- 
ature is 

vol.  X  temp. 
460 

And  generally  at  any  other  temperatures  the 

voL  at  temp.  (No.  2)  =  vol.  at  temp.  (No.  1)  *^^jtJM 
^  ^         '  ^  ^         '  469  +  <  (1) 

The  specific  gravity  of  any  gas  of  a  standard  measure  and  temperature 
being  known,  we  can,  by  the  two  laws  just  given,  determine  its  weight  at 
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any  other  pressure  and  temperature.  When  several  gases  of  different  kinds 
are  contained  in  the  same  vessel,  they  tend  to  stratify  themselves  in  the  order 
of  their  densities ;  but  at  the  same  time  to  difiuse  one  into  the  other,  so  as  to 
become  perfectly  mixed.  Thus,  if  a  jar  of  light  carburetted  hydro  ^en  be  in- 
verted over  a  jar  of  carbonic  acid  gas,  the  heavy  gas  will  ascend  and  the 
light  descend,  xmtil  the  jars  are  filled  by  a  uniform  combination  of  the  two 
gases.  If  equal  bulks  of  three  different  gases  at  the  same  temperature  be 
condensed  into  one  volume,  the  resulting  pressure  will  be  the  sum,  viz.  three 
times  the  original  pressure.  They  conform  to  the  law  of  Mariotte  in  the 
mutual  relations  of  volume,  density,  and  pressure,  and  to  the  law  of  Gay 
Lussac  in  the  same  manner  as  air.  It  is  frequently  necessaiy  to  consider 
the  effect  of  aqueous  vapour  when  mixed  with  air.  When  the  air  is  not 
saturated  with  vapour,  the  elastidly  and  density  of  the  latter,  and  its  weight 
in  a  cubic  foot  of  air,  are  detennined  by  the  hygrometer  and  the  tables  accom- 
panying the  instrument  The  modes  of  calculation  may  be  found  in  the 
GiBCLE  OF  THE  SCIENCES,  article  "  Meteorology,"  page  570. 

The  alterations  in  the  pressure  and  temperature  of  the  air,  or  the  admix- 
ture of  aqueous  vapour  above  described,  produce  changes  in  the  density  of 
the  air,  which  result  in  motion.  If  in  the  last  figure  ithe  water-gauge  B  were 
removed,  so  as  to  leave  an  opening  in  the  thin  plate  which  fonns  the  side  of 
the  vessel,  the  gas  would  immediately  press  through  this  opening,  and  escape 
with  a  velocity  which  would  depend  on  the  excess  of  pressure  of  the  gas  in 
the  interior  over  that  exterior  to  the  vessel,  as  well  as  on  the  specific  gravity 
of  the  gas.  If  the  exterior  pressure,  on  the  contraiy,  exceeded  the  interior, 
the  air  or  gas  would  flow  in,  obeying  the  same  conditions.  The  amount 
passing  in  a  given  time  depends  on  the  form  of  the  orifice  (Fig.  4).  If  the 
stream  passes  through  a  thin  plate,  it  suffers  a  convergence,  or  contraction, 
of  its  parts  (called  the  vena  contracta),  which  reduces  the  amount  to  ^; 
and  if  through  a  short  cylindrical  or  conical  tube,  to  -^  and  ^  respectively, 
of  the  amount  which  would  be  due  to  the  velocity  if  it  took  place  over  the 
whole  area  of  the  external  opening. 

If  the  stream  of  air  passes  through  a  long  horizontal  tube  of  unifonn 
area  (A,  Fig.  5),  the  amount  dischaiged 
from  tiie  extremity  will  be  diminished  by 
the  resistance  offered  by  the  sides  of  the 
tube,  which  also  equally  diminishes  its  velo- 
city. This  resistance  will  be  in  propor- 
tion to  the  interior  surface  of  the  tube  ex- 
posed to  the  Motion  of  the  air  in  motion; 
^'  *•  ^*  *•  that  is,  to  the  length  and  circumference,  as 


weU  as  to  the  density  of  the  air  and  the  velocity  of  its  motion.  If  the  air 
passes,  as  in  Fig.  6,  from  the  long  horizontal  tube  A  into  another  B, 
the  quantity  discharged  will  be  diminished  by  the  increased  resistances 
offered  by  the  higher  velocity  in  the  tube  B,  and  by  a  small  loss  from  the 
vena  contracta  in  passing  from  a  large  to  a  smaller  tube.  If  the  air  in  tra- 
versing the  tube  is  made  to  pass  through  an  aperture  in  a  diaphragm  G  (Fig. 
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7),  the  velocity, both  before  tnd  alter  passing  the  opening,  will  be  equal ;  but 
there  will  have  been  a 


Ion  in  oonaequenoe  of 
the  resistaaoe  enooun* 
tered  in  passing  the 
thin  plate. 

If  the  tube  is  in* 
dined  downwards  or 
upwards,   as   in   the 


Fig.  6. 


Rg.  7. 


Fig.  8. 


diagram  (Fig.  8),  the  yelodty  of  the  eument  will  be  increased  or  diminished, 
according  as  the  force  of  gravity  acts  in  the  direction  of  the  current  or  contrary 
to  it  In  all  cases,  the  resistances  can  only  be  overcome  and  motion  produced 
by  an  increase  or  excess  in  the  density  of  the  air ;  consequently  the  difference 
in  the  density  of  the  air  before  and  after  passing  the  resistances,  will  repre- 
sent the  expenditure  necessary  to  evercome  them. 

Vatvial  ▼enOUtion.— If  A  B  in  Fig.  I,  Plate  HE.,  represents  a  gallery 
or  level  driven  into  the  side  of  a  hill,  and  B  C  a  shaft  at  its  extremity,  then 
the  temperature  being  unif<»m  throughout,  the  pressure  of  the  atmospheric 
column  will  be  equal  on  each  square  foot  of  the  bases  A  and  B ;  the  densities 
of  the  columns  AD  and  B  C  will  be  the  same,  and  no  motion  wiU  be  pro- 
duced. If  the  density  of  either  the  column  AD  or  B  G  be  altered,  the 
equilibrium  of  pressure  will  be  destaroyed,  and  motion  will  ensue;  the 
heavier  column  must  descend  to  force  up  the  lighter  one  with  a  velocity  pro- 
portioned to  the  difference  in  the  wei^ts  of  the  two  columns,  or  of  the  atmo- 
spheric pressure  on  their  bases.  The  two  columns  may  be  compared  to  two 
liquids  of  different  densities  in  the  branches  of  a  siphon,  or  to  unequal  weights 
connected  by  a  cord  passing  over  a  pulley.  If  the  external  air  is  heavier, 
the  sir  in  the  shaft  would  be  forced  upwards ;  if  that  in  the  shaft  is  heavier, 
the  air  will  be  discharged  from  the  mouth  of  the  leveL  It  follows,  that  if  we 
suppose  the  temperature  of  the  mine  to  be  constant,  and  to  impart  its 
beat  to  the  air  as  it  passes  along  the  level  A  B,  the  air  will  enter  the  level 
mouth  whenever  the  atmosphere  is  colder  than  the  mine,  and  descend  the 
shaft  whenever  it  becomes  warmer  than  the  mine.  G  D  may  be  supposed 
to  be  the  0ui£aoe  of  the  ground,  and  D  A,  G  B  two  shafts  of  equal  depth.  In 
such  a  ease,  no  motion  would  ensue  from  the  changes  in  the  temperature  of 
the  external  atmosphere ;  but  if  by  any  means  we  can  alter  the  density  of  one 
of  these  columns,  motion  will  be  produced,  and  continued  at  a  velodty  con- 
trolled by  the  principles  previously  stated.  By  exhausting  or  compressing 
the  air  in  one  of  the  columns  by  means  of  air-pumps,  or  by  heating,  the 
requisite  diffsrence  in  density  can  be  efiidcted.  This  is  termed  artificial 
ventilation,  as  distinguished  from  natural  ventilation,  which  is  generally 
taken  to  include  the  effect  of  rarefiEiction  from  the  temperature  of  the  rock, 
and  from  the  lights  and  persons  who  may  be  employed  in  the  mine,  ao 
well  as  from  the  gaseous  exhalations.  When  air  has  been  set  in  motion 
in  shafts  of  equal  depth,  the  gradual  changes  of  temperature  vdiich  it  under- 
goes by  the  absorption  or  loss  of  heat,  produce  a  difference  in  the  tern- 
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perature  of  the  two  shafla,  which  contmue  the  motion  until  atmosj^erio 
changeB  oocuz  sufficient  to  neutraliBe  it. 

An  example  of  natural  Tentilation  has  been  already  given  at  the  Seaton 
CoUiezy,  where  no  men  are  at  work.  The  following  experiment  at  the 
Tyne  Main  GoUieiy  was  made  by  Mr.  N.  Wood,  whilst  the  mine  was  at 
work: — ^Depth  of  shaft,  672  feet.  Temperatures:  at  surface,  43^;  bottom 
of  downcast  sliaft,  46^;  air  retaming  from  workings,  08**;  in  upcast  shaft, 
890  feet  from  surfrice,  02"*.  Q'lantity  of  air  in  cubic  feet  per  minute,  37,000* 
From  this  it  appears  that  a  difference  of  18°  existed  in  the  temperature  of 
the  air  in  the  two  shafts,  and  that  the  nunes  and  workings  gave  off  heat 
equivalent  to  raising  666,000  cubic  feet  of  air  per  minute  l""  in  temperature. 
When  the  atmospheric  temperature  increases  to  about  62**,  that  is,  to  the  tem- 
pera tureof  the  air  ascending  the  upcast,  the  effect  of  the  natural  ventilation 
ceases,  the  air  of  the  mine  becomes  wholly  stagnant,  and  requires  the  appli* 
cation  of  artificial  means  to  set  it  again  in  motion,  as  in  Fig.  2,  Plate  in., 
where,  if  the  shafts  A  B  and  0  D  in  the  figures  are  of  unequal  depth,  but  united 
by  a  horizontal  galleiy  B  D,  the  air  wUl  ascend  the  deeper  shaft  in  winter, 
and  descend  it  in  summer.  This  may  be  readily  understood  by  comparing 
the  equilibrium  of  two  columns  of  air  of  equal  height,  AB  and  ED.  In 
winter  £ G  and  CD  are  both  colder,  and  consequently  more  dense,  than  the 
parts  at  the  same  levels  A  F  and  F  B,  although  G  D  receives  a  slight  increase 
of  temperature  from  the  rock.  In  summer,  on  the  oontnury,  the  air  con- 
tained iQ  FB  and  GD  is  nearly  of  the  same  temperature;  whilst  the  part 
AF  has  been  cooled  by  the  rock  so  as  to  become  denser  and  heavier  than 
FG.  The  air  has  frequently  to  ascend  and  again  to  descend  in  traversing 
the  aix^ways  in  the  mine.  The  ascent  in  winter  will  be  materially  lessened 
if,  after  entering  the  shaft  GD  (Fig.  3,  Phite  m.),  its  temperature  continues 
to  be  raised  whilst  traversing  ^e  interior  shafts  or  sloping  drifts,  H  G  and 
£  F ;  for  then  the  column,  being  lighter  than  G  H,  counteracts  the  motion. 
In  summer,  as  the  current  of  air  passes  in  the  contrary  direction,  the  cooler 
and  denser  air  in  GH  will  aid  the  current;  and  this  effect  will  be  greatest 
when  the  air,  in  passing  from  E  to  G,  has  been  cooled  to  the  lowest  degree 
attainable  in  the  mine. 

When  the  underground  shafts  or  sloping  drifts  communicate  with  levels 
at  different  heights,  as  represented  in  F^.  4,  Plate  m.,  the  effect  on  the 
ventilation  in  winter  will  be  fiivourable,  if  it  has  to  descend  the  shorter  shaft 
or  drift  soon  after  entering  the  mine ;  but  unikvourable  if  it  is  first  carried  up 
the  longer  drift,  according  as  the  workings  of  the  mine  extend  to  the  deep,  or 
to  the  rise  of  the  leveL  The  effect  in  summer,  on  the  contrary,  win  be  most 
favourable  when  the  air  first  ascends  the  shorter  drift,  and  the  contraiy  when 
it  descends  the  longer  drift  on  entering  the  mine.  The  arrows  in  the  figures 
show  the  directions  of  the  air-current,  which  is  supposed  to  be  losiDg  or  gain* 
ing  temperature  during  its  course;  and  by  applying  the  reasoning  given  in 
preceding  cases,  the  causes  of  these  effects  will  readily  appear. 

Shaila. — ^In  considering  the  equilibrium  of  the  columns  of  air  in  the  case 
of  sloping  drifts,  or  of  shafts  standing  at  different  levels,  it  is  essential  to  refer 
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them  to  the  same  homontal  lines.  Thus  the  diifts  B  £,  E  D,  in  Fig.  5,  Plate 
UL,  "will  be  equivalent  in  their  effect  of  pi!oducing  motion  to  the  extension  of 
the.ahafts,  by  the  depths  B  F  and  D  G,  subject  to  certain  allowances  depend- 
ing on  the  extent  of  the  sox&ce  of  the  drifts,  the  consideration  of  which 
belongs  to  another  part  of  the  subject  It  is,  therefore,  obvious  that  the 
amount  of  natural  yentilation  depends  more  on  the  difference  in  leyel  of  the 
tops  of  the  two  shafts  than  on  their  rehttire  depths,  a  circumstance  well 
known  in  practice.  For  this  reason,  chimneys  have  been  frequently  erected 
on  the  top  of  shafts.  Thus,  at  liege  the  upcast  shaft  of  a  mine  has  been 
earned  up  with  an  internal  diameter  of  9  feet,  in  the  form  of.a  chimney  210 
feet  high.  There  are  also  two  chimneys,  each  180  feet  high,  at  the  Seraing 
wodcs  for  the  same  purpose ;  and  in  consequence  of  the  aqueous  vapour  and 
the  gases  taken  up  by  the  air-currant,  it  is  not  found  to  reverse  in  the  summer- 
time. The  practice  of  contracting  the  upcast-shaft  by  a  chimney  of  small 
diameter  is  clearly  prejudicial,  and  has  the  same  effect  as  would  attend  put- 
ting on  a  damper.  littU  benefit  is  derived  from  a  high  ehimney  unless  the 
shaft  is  of  small  depth,  for  it  is  found  that  the  amount  of  ventilation  depends 
— all  other  circumstances  being  the  same — on  the  square  root  of  the  depth  of 
the  shaft  Thus,  if  the  upcast  shaft  of  a  nune  is  400  yards  deep,  the  addi- 
tion of  a  chimney  128  feet  high  would  only  add  1 20th  to  the  ventilation.  A 
short  stack  of  from  10  to  dO  feet  high,  raised  on  the  top  of  the  shaft,  is  useful 
to  protect  the  escaping  air  from  the  disturbing  eddies  which  occur  along 
the  Burfeoe  of  the  ground.  Too  much  attention  cannot  be  paid  to  the  removal 
of  an  obstructions  from  the  openings  of  the  downcast  and  upcast  shafts. 
Even  where  there  are  no  winding  carriages  to  intercept  the  opening,  con- 
siderable increase  of  ventilation  has  been  obtained  by  providing,  close  by, 
another  short  shaft,  communicating  with  the  main  one  below  the  platfoxma 
which  form  the  top  of  the  shaft. 

The  area  of  an  upcast  shaft  to  afford  a  given  amount  of  ventilation,  as 
well  as  the  proportion  which  it  should  bear  to  the  area  of  the  downcast  shaft, 
are  subjects  which  have  been  discussed  without  leading  to  any  very  definite 
rule.  In  the  upcast  shafts  of  a  coal-mine  three  hundred  yards  deep,  and  two 
hundred  acres  in  extent,  one  square  foot  of  area  is  usually  allowed  for  every 
1000  cubio  fioet  of  air  per  minute,  which  has  to  be  passed  up  it  by  foinace 
ventilation ;  but  it  is  possible,  under  very  favourable  circumstances,  to  obtain 
more  than  double  this  ratio  of  ventilation.  The  natural  ventilation  of  the 
Tyne  Main  Colliery,  before  quoted,  gave  760  cubio  feet  of  air  per  minute  for 
each  square  foot  area  of  the  shaft.  By  the  highest  fomace  ventilation,  this 
quantity  was  increased  to  2020  cubic  feet.  "When  the  shafts  of  a  colliery  are 
of  equal  depth,  but  different  diameters,  natural  ventilation  ordinarily  converts 
the  smaller  shaft  into  the  upcast;  but  when  the  air  is  highly  expanded  bj  a 
furnace,  ventilation  generally  proceeds  most  eaaQy  by  employing  the  larger 
shaft  for  the  ascending  air.  Many  ciroumstances,  however,  occur  to  vary 
these  conditions ;  a  wet  or  unwaUed  pit  is  unfavourable  to  its  use  as  an  up- 
cast ;  and  the  best  shafts  are  those  which  are  eiroular  and  walled  throughout 
with  brick.  A  shaft  divided  by  a  partition  or  brattice,  not  only  offers  a  large  but- 
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fisMse  to  the  friction  and  for  the  cooling  of  the  air,  by  which  the  difference  in 
temperature  of  the  ascending  and  descending  columne  is  lessened,  but  is 
«l80  ii^Tixiotts  to  Tentilation,  in  consequfinoe  of  the  leakage  of  air  throng 
the  brattice,  a  defect  which  it  is  difficult  sltogether  to  prevent  The  Monk- 
wearmouth,  and  other  collieries  ventilated  by  brattice  shafks,  exhibit  an 
inferior  degree  of  TentUation.  The  system  employed  chiefly  by  Mr.  Gibbons 
in  South  Stafibrdshire  of  carrying  up  a  flue  or  chimney,  generally  aboot 
three  feet  by  two  feet,  or  two  foet  square  in  section,  as  represented  in 
Fig.  6,  Plate  III.,  alongside  the  downcast  abaft,  by  which  the  minerals 
are  extracted,  may  be  adopted  from  motiyes  of  economy  in  mines  employing 
a  number  of  pereons  not  exceeding  forty  or  sixty ;  but  it  is  quite  unsuited 
to  mines  of  ayerage  magnitude,  in  oonsequenee  of  the  impossibilitj  of  fordng 
an  adequate  amount  of  Tentilation  through  an  opening  which  offers  so 
much  resistance.  The  diagram.  Fig.  7,  Plate  HL,  n^resents  a  vertical 
section  of  the  method  of  ventilating  the  thick  coal  seam  in  Staffordshire, 
which  is  thirty  feet  in  height^  by  carrying  the  air  returning  from  the  work- 
ings through  sir-ways  driven  through  the  upper  part  of  the  coal  into  the 
bottom  of  the  shaft^imney.  Still  more  oljectionahle  is  the  practice  of  con- 
veying air  in  pipes  or  air-trunks  up  or  down  a  shaft.  Some  of  these  pipes 
may  be  occasionslly  seen  surmounted  by  a  coffin-shaped  wind-box  to  face  the 
direction  of  the  wind — a  significant  indication  of  the  destruction  of  health  and 
life  proceeding  from  the  inadequate  ventilation  below. 

The  Kottra  Colmma.— We  have  already  shown  that  motion  of  the  air  in 
two  shsfts  oonnected  by  an  air-way,  is  produced  by  the  greater  weight  or 
density  in  the  one  than  in  the  other ;  and  that  these  unequal  densities  axe 
due  chiefly  to  differences  of  temperature.  Now,  if  we  ascertain  by  how  much 
the  pressure  of  the  atmospheric  column  on  each  square  foot  of  the  base  of  the 
shaft  AB  (Fig.  8,  Plate  III.)  is  greater  than  the  pressure  on  the  base  of  the 
shaft  0  D,  in  which  the  sir  has  been  rendered  lighter,  and  represent  this  dif- 
ference in  pressure  by  a  column  £  F  of  the  same  temperature  and  density  as 
the  air  in  the  shaft  G  D ;  then  £  F  is  termed  the  "  motive  column,"  and  its 
height  may  be  determined  either  from  the  known  density  and  temperature  of 
the  air,  or  by  observation  with  the  barometer  or  water-gauge,  in  the  same 
manner  as  in  the  case  already  described  of  a  gas  flowing  out  of  a  simple 
orifice  in  a  vessel  If  by  ti  and  U  we  represent  the  temperatures  of  the 
downcast  and  upcast  shafts  respectively,  then, 

from  which  we  get  generally  that 

and  &e  motive  oolum  =  depth  of  upcast  (^i^^^i^)    ....    (1) 

A  body  descends  by  gravity  16A  ft-  in  the  first  second  of  time.  By  the  law 
of  fell^  bodies,  the  velocity  acquired  in  falling  from  any  given  height 
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It  has  been  found  that  the  Telocity  with  which  air  would  flow  through  the 
orifice  in  a  resael,  or  through  the  opening  between  two  such  shafts,  would 
(provided  there  were  no  resistance,  such  as  those  arising  from  friction)  be  the 
same  as  that  acquired  by  a  body  falling  through  the  height  of  the  motiye 

column;  therefore 

Tdootty  =  v^4  X  16  X  motite  column 
and  substituting  the  value  already  found  for  the  motive  cohimn, 

the  velccity  of  the  flowing  air  ==  8^  depth  of  upcast  {^^^\  )  .    .    (2) 

It  is  evident  from  this  formula  that  the  amount  of  ventilation  circula 
in  a  mine  is  in  proportion  to  the  square  root  of  the  depth  of  the  upcast,  as  well 
as  to  the  square  root  of  the  difference  of  temperature  between  the  upcast  and 
downcast  Thus,  if  the  temperature  of  a  downcast  shaft  was  50°,  and  of  the 
upcast  75*;  by  raising  the  temperature  of  the  latter  to  150*,  the  quantity  of 
air  set  in  circulation  would  be  as  \/25  :  v/lOO ;  that  is,  it  would  be  doubled. 

These  formulae  do  not  include  the  variations  of  the  density  and  temper- 
ature in  the  same  shaft,  nor  the  admixture  of  gases  with  the  air.  Exact 
measurements  by  the  barometer  are  therefore  necessary ;  and  when  the  rare- 
faction of  the  upcast  is  produced  by  a  machine,  the  estimation  of  the  differ- 
ence in  pressure  by  this  intrument,  or  by  the  water-gauge,  is  indispensable. 

Avery  large  proportion  of  the  theoretical  velocity  is  absorbed  by  friction 
against  the  surfaces  of  the  shafts  and  air-ways,  angles,  and  other  obstructions. 
These  resistances  are  found  to  be  in  inverse  proportion  to  the  sectional  area 
of  the  air-ways,  but  in  direct  proportion  to  the  square  of  the  velocity  of  the 
currents.  The  resistance  is  also  proportional  to  the  surfoce  exposed  to  the 
friction  of  the  passing  current — ^that  is,  to  the  length  and  the  circumference  of 
the  air- way ;  but  the  nature  of  the  surface  exposed  to  the  air  materially  affects 
the  amount  of  friction.  Experiments  have  been  made  by  Peclet  ('*  Traite  de 
la  Chaleur  ")  and  others,  to  determine  the  difference  between  the  theoretical 
and  actual  velocities  of  the  flowing  air.  If  by  D  we  represent  the  mean  dia- 
meter of  the  whole  of  the  air-course  from  the  top  of  the  downcast,  back  to  the 
top  of  the  upcast-shaft,  and  by  L  the  length ;  then  the 


aetufd  velocity  =  theoretical  velocity  X  2*06  J_ — — 


4B' 


when  the  air- ways  and  shafts  are  lined  with  brick,  and  the  former  is  very 
short  in  comparison  with  the  latter ;  when  the  shafts,  on  the  other  hand, 
form  but  a  small  fraction  of  the  run  of  the  air-current  after  it  leaves  the  but 
&ce,  as  is  ordinarily  the  case  in  mines,  then  H  being  the  height  of  the  heated 
colunm  of  air,  the 

actual  velocity  =  2  J^  X  8  Jh  U^fjr^y  ^  ^^  JB  (motive  column).  (3) 

The  quantity  of  air,  or  amount  of  ventilation,  is  obtained  by  multiplying  the 
Telocity  by  the  mean  area. 

SplittiBg  aaA  Ditttiitatias  AUtr—lt  has  been  found  that  the  amount 
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of  ventilation  which  can  he  eaxried  through  the  air-ways  of  a  mine  depends 
on  the  foUowiiig  conditions : — ^If  the  downcast  and  npcast  shafts  commnni 
oate  by  more  than  one  air-way,  the  air-current  is  said  to  be  split,  and  the 
quantity  of  air  which  will  pass  along  each  air-way  is  in  inyerse  proportion  to 
the  resistances  met  with.  If  the  air-ways  are  similar  in  area  and  section,  the 
quantity  or  velocity  of  the  air  is  in  inverse  proportion  to  the  length  of  the  , 
air-way.  Thus,  if  one  split  is  four  times  the  length  of  the  other,  the  velocity 
of  the  air  will  be  reduced  to  about  one-half.  If  the  air-ways  are  of  equal 
length  and  similar  section,  but  of  di£ferent  areas,  the  quantity  of  air  passing 
through  each  will  be  in  proportion  to  the  areas.  It  follows  that  if  the  shafts 
are  so  large  that  we  may  neglect  their  resistances,  the  dividing  the  air-cur- 
rent  into  two  splits  will  introduce  double  the  quantity  of  air  into  the  mine; 
and  if  we,  at  the  same  time,  shorten  the  length  the  air  has  to  travel,  the  ven- 
tilation will  be  further  increased.  If,  for  example,  in  improving  the  ventila- 
tion of  a  mine,  in  which  the  air  is  confined  to  one  channel,  8600  yards  long 
between  shaft  and  shaft,  the  mine  is  divided  into  two  districts,  so  as  to  require 
a  ventilating  air-way  2500  yards  long  for  each,  then  the  total  quantity  of  air 
passing  through  the  mine  is  not  only  doubled,  but  increased  in  tiie  pro- 
portion of  

t/2500  :  V'SMO  =  50  :  60. 
If  there  are  three  splits  1600  yards  long  each,  the  ventilation  would  be  mul- 
tiplied four  and  a  half  times. 

Although  the  air  naturally  *'  splits  "  itself  into  as  many  openings  as  the 
excavations  present,  the  systematic  application  of  this  great  modem  improve- 
ment in  the  ventilation  of  mines  is  generally  attributed  to  Mr.  Buddie.  Split 
air  is  said  to  have  been  introduced  first  at  the  Felling  colliery,  in  1815,  by 
Mr.  Hill.  The  air  is  confined  to  its  course  by  stoppings,  i,e,  walls  built 
across  any  abandoned  openings,  or  by  doors  where  access  is  required  to  either 
Bide  of  the  current.  The  main  stoppings  firequently  consist  of  brick  walls  set 
in  mortar,  filled  in  between  and  dose  stowed  with  rubbish. 

As  the  resistance  of  the  airways  increases  as  the  square  of  the  velocity,  it 
is  found  in  practice  undesirable  to  employ  currents  moving  at  the  rate  of  more 
than  five  lineal  feet  in  a  second.  Above  this  velocity  the  loss  in  ventilation  aug- 
ments rapidly,  as  well  as  the  difficulty  of  preventing  lealcage  through  stoppings 
and  doors.  For  a  short  distance  before  the  splits  separate,  and  after  they  re- 
unite, the  size  of  the  main  air*way  may  necessitate  a  greater  velocity;  and  the 
velocity  in  the  upcast  shafts  occasionally  reaches  as  much  as  thirty  feet  in  a 
second.  Three  feet  per  second  is  a  velocity  adequate  to  remove  and  render 
harmless  the  ordinary  discharges  of  fire-damp ;  but  as  half  a  foot  in  a  second 
is  already  enough  to  deflect  the  flame  of  a  candle,  the  former  velocity  causes 
the  candles  to  "  sweal"  and  bum  quicldy  away,  and  it  is  seldom  found  in  the 
working  &oes,  except  where  safety-lamps  are  lued.  The  test  of  perfect  distribu- 
tion of  the  ventilation  in  metalliferous  and  other  mines  which  do  not  contain 
fire-damp,  is  the  maintenance  in  every  working  place  of  a  current  slightly  ex- 
ceeding thirty  lineal  feet  per  minute,  which  will  sensibly  deflect  the  flame  of 
ft  candle  without  creating  inoonvenienoe.    It  is  found  in  practice,  that  to 
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effect  this  requires  the  introduction  into  the  mine  of  100  cnbic  feet  of  air  per 
man  per  minute,  which  will  allow  for  the  unavoidable  loss  in  leakage  and  in 
airing  the  old  works.  This  corresponds  with  the  quantity  of  air  previously 
shown  to  be  required  to  keep  down  the  temperature  of  the  working  places,  as 
well  as  for  sanitary  purposes.  Thus,  in  a  mine  .employing,  when  in  foil  work, 
i)00  men  and  10  horses,  the  amount  of  ventilation  required  is  200  X  100  + 
10  X  600  =  26000  cubic  feet  per  minute.  Two  intake  air-ways,  of  at  least  40 
flqnare  feet  area  each,  should  be  provided,  and  the  upcast  shaft,  if  artificially 
WQtked,  should  be  at  least  six  feet  in  diameter.  According  to  Mr.  T.  J.  Taylor, 
**  the  least  amount  of  current  should  depend  on  the  requirements  of  the  mine ; 
for  example,  in  a  urine  which  yields  no  fire-damp,  with  120  or  130  persons 
•employed  in  it,  %  current  of  20,000  to  80,000  cubic  feet  per  minute  might  be 
«  &ir  quantity,  if  properly  conveyed  up  to  the  face  of  the  workings  and  made 
to  sweep  those  districts  where  the  people  are  employed ;  but  ia  a  fiery  mine* 
much  more  than  the  quantity  named  would  be  required.** 

In  mines  giving  off  fire-damp,  and  which  are  efficiently  ventilated,  the 
quantify  varies  from  200  to  600  cubic  fSeet  per  man  per  minute.  When  the 
old  workings  are  extensive,  an  additional  quantity  of  air  should  be  allowed 
for  rendering  them  safe ;  but  generally  the  amount  of  escape  of  gases  in 
the  same  mine,  bears  a  constant  relation  to  the  number  of  men  engaged  in 
laying  bare  and  removing  the  rock.  The  upcast  shaft  of  the  Hetton  coUieiy 
passes,  under  ordinary  circumstances,  200,000  cubic  feet  of  air  per  minute  by 
means  of  three  furnaces^  Itis  the  largest  ventilation  known.  The  natural  ven- 
tilation, wben  tried  in  winter,  exceeded  100,000  cubic  feet  per  minute.  These 
results  are  obtained  by  the  size  of  the  shafts,  14  feet  in  diameter,  and  by  the 
judicious  distribution  of  the  air  into  five  main  currents,  which  are  subdivided 
into  thirty-five  splits.  The  extent  to  which  splitting  may  be  carried  depends 
upon  the  size  of  the  shafts,  which,  like  the  diameter  and  length  of  stroke  of 
the  piston  of  a  steam-engine,  determine,  by  their  depth  and  area,  the  venti- 
lating power  of  the  mine. 

The  section  of  a  Cornish  mine,  given  in  Fig.  9,  Plate  m.,  exhibits  the 
mode  of  ventakting  a  perpendicular  seam  or  lode,  by  converting  four  out  of 
the  six  shafts  into  downcasts,  and  the  otlier  two  into  upcasts.  The  pure  air 
in  descending  is  carried  at  once  to  the  working  places ;  and  then  passing 
along  the  levels  of  the  mine,  takes  up  its  temperature  before  reachuig  the 
bottom  of  the  upcast  shaft.  The  chief  causes  of  the  defective  ventilation  in 
metalliferous  mines,  are  the  leakage  which  takes  place  between  the  numerous 
shafts  sunk  in  the  same  lode,  and  the  distance  to  which  the  levels  and  shafts 
are  driven  beyond  the  circulating  current.  The  latter  evil  is  partly  obviated 
by  sinking  winzes  or  short  underground  shafts,  from  level  to  lervel,  at  intervals 
of  forty  yards  or  less,  as  represented  in  the  section.  In  working  beds  or 
seams,  two  or  more  parallel  drifts  or  galleries  are  driven  out  in  advance  of 
the  rest  of  the  workings,  leaving  a  pillar  or  a  long  block  between,  suffi- 
ciently wide  and  strong  to  resist  any  pressure  which  the  removal  of  the  spaces 
at  its  sides  may  bring  upon  it.  This  pillar  is  holed  through  at  short  dis- 
tances to  open  a  passage  for  the  current  of  air  to  pass  near  to  the  face  of  the 
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work.  As  each  fresh  holing  is  opened,  the  openings  are  closed  with 
stoppings. 

The  arrows  point  out  the  direction  of  the  current  of  ahr,  and  the  doors  axe 
marked  D.  The  shading  represents  the  portions  of  the  lode  excavated,  the 
4arker  shading  indicating  the  worthless  debris  heaped  up  in  the  deads. 

In  order  to  bring  the  current  of  air  always  up  to  the  workman,  a  door  is 
placed  ontside  the  last  holing,  and  a  plank  or  canvas  partition  is  carried  on 
from  the  side  of  the  door  to  within  four  or  six  yards  of  the  end  of  the  drifts 
as  represented  in  the  sketdi  (Fig.  1,  Plate  IV.),  where  B  is  the  door  partly 
removed  to  show  the  partition  or  brattice  A.  The  air  enters  by  the  space  C, 
which  should  be  kept  as  laige  and  open  as  possible,  and  wider  at  the  top 
than  the  bottom,  in  order  that  the  greatest  body  of  the  entering  air  should^ 
on  leaving  the  brattice,  be  thrown  along  the  roof,  where  the  fire-damp  chiefly 
Accumulates.  Occasionally,  an  air-trunk  or  pipe  is  substituted  for  the  brat- 
tice ;  but  unless  a  square  foot  or  more  in  area,  it  is  inadequate  to  introduce  a 
sufficient  quantity  of  air.  The  sketches  (Figs.  2  and  8,  Plate  IV.)  represent 
the  mode  of  fixing  two  other  kinds  of  brattices  A  A,  erne  caJled  "  a  soUer*' 
along  the  floor,  and  the  other  along  the  roof.  As  the  air  in  a  level  usually 
has  a  tendency  to  enter  along  the  floor,  and  return  by  the  roof,  this  arrange- 
ment of  the  current  should  be  preserved,  and  the  circulation  will  be  pro- 
moted. The  doors  in  a  mine  are  placed  so  as  to  open  against  the  direction 
of  the  current  of  air,  which  therefore  tends  to  close  them.  By  setting  the 
bottom  of  the  door-post  which  carries  the  hinges  about  four  inches  outwards 
and  the  same  forwards  from  the  perpendicular,  tho  door  wiU  always  close  of 
itself.  Whenever  doors  have  to  be  frequentiy  opened,  such  as  those  on  the 
main  travelling  roads,  two  doors  are  placed  sufficiently  fsn  apart  to  allow  of 
the  train  of  trams  standing  between;  so  that  one  door  being  always  shut 
when  the  other  is  open,  the  ventilating  current  should  not  be  arrested. 
The  leakage,  however,  which  necessarily  takes  place  through  doors,  renders 
the  use  of  many  prejudicial  to  the  ventilation,  besides  being  an  indica- 
tion of  want  of  sldll  in  the  laying  out  of  the  air-currents. 

In  former  days,  the  old  workings  of  coal-mines  were  frequentiy  left  unventir 
lated.  To  remedy  this^  Spedding  of  Whitehaven  adopted  the  system  of  cours- 
ing the  air ;  that  is,  carrying  it  by  means  of  stoppings  and  doors  up  and  down 
every  part  of  the  work  open.  A  single  current  of  air  in  the  mine  was  thus  ex- 
tended to  a  length  sometimes  of  forty  or  fifty  miles.  This  has  given  way  to 
the  system  now  generally  adopted  of  splitting.  The  panel  or  district  of  the 
works,  represented  in  Fig.  4,  Plate  IV.,  is  ventilated  by  a  split  of  air,  which  is 
further  divided  into  two  splits — one  being  coursed  through  the  lower  headings 
and  "  bords ; "  and  the  other,  after  ventilating  the  pillars  of  coal  which  are  in 
the  process  of  removal,  sweeps  through  the  goaf  which  is  on  the  higher  side 
of  the  work.  By  larger  air-ways  and  better  furnaces,  such  large  bodies  of  air 
are  now  introduced  into  coal-mines,  that  most  of  the  doors  can  be  removed 
which  were  required  to  complete  the  distribution  of  the  air. 

In  laying  out  the  ventilation  of  a  mine,  it  frequentiy  occurs  that  one 
onrrent  of  air  has  to  be  conveyed  across  another.    This  is  efiected  by  a 


Digiti 


ized  by  Google 


ABTinciAL  TXNTILATIOM.  1S7 

'*  crossing,"  wfakh  may  consist  of  one  brick  tunnel  passing  oyer  another,  as 
represented  in  Fig.  5,  Plate  IV.,  or  the  separation  between  the  currents  may 
be  formed  with  timber  or  bailer  plate.  In  fiery  mines,  where  great  disasters 
ensue  from  the  separation  being  destroyed  by  an  explosion,  the  latter 
material  is  desirable;  but  the  sketch  exhibits  a  method  of  building  iu  half 
timbers  into  the  arch,  inyerted  in  such  a  manner  ss  to  offer  the  strongest 
resistanoe  to  any  force  acting  from  abore  or  below.  When  some  of  the  splits 
of  air  are  shorter  or  of  larger  area  than  others,  too  large  a  proportion  of  air 
would  flow  through  them.  Doors,  with  sliding  panels  or  short  walls,  are  placed, 
therefore,  to  obstniot  the  sir-cnzrents  in  these  channels.  They  are  called 
regulators.  It  is  obvions  that  if  the  amounts  of  air  passing  along  each  split 
are  thas  equalized,  the  resistances  in  the  long  and  the  short  split  have  been 
made  equal,  and  that  a  oonsiderable  amount  of  nseful  work  is  absorbed  by 
the  regulators.  It  is,  therefore,  always  desirable,  if  possible,  to  avoid  their 
use  by  equalizing  the  length  of  the  splits,  or  enlarging  the  area  of  that 
which  is  unayotdably  the  longest  In  mines  where  the  possibility  of  an 
explosion  of  fire-damp  has  to  be  contemplated  and  provided  against,  it  is 
desirable  so  to  construct  any  main  regulator  that  it  cannot  be  blown  out,  so 
as  to  cause  the  slackening  or  cessation  of  the  ahr-current  in  other  parts  of 
the  mine.  To  effect  this,  it  can  be  built  np  in  successive  courses,  as  shown  in 
the  sketch ;  and  sloping  surfaces  are  thus  presented  to  receive  that  part  of  the 
shock  of  the  exploeion  which  does  not  find  Tent  by  the  opening.  It  has  been 
fraggesied  to  suspend  a  h^t  door  A,  as  represented  in  Fig.  6,  Plate  IV., 
moving  finely  on  an  axis,  to  adjust  any  inequalities  in  the  velocity  of  the 
current  of  air  passing  the  regulator.  The  door  is  counterbalanced  by  a 
weight  B,  which  can  be  adjusted  firom  time  to  time,  so  as  to  afford  the  required 
(^ning  for  the  cnrrent.  As  the  current  tends  to  increase,  the  augmented 
pressure  on  the  door  slightly  closes  it,  and  vice  verta. 

AsUfieial  ▼•ntilatiom — Ths  Fumaee. — ^We  have  shown  that  the  tern* 
peratnre  of  the  rock  of  the  mine,  and  other  sources  of  natural  ventilation, 
cause  the  air  to  ascend  the  deeper  shaft  in  winter  and  to  descend  it  in  sum* 
mer.  During  the  stage  of  passing  from  one  direction  of  the  motion  to  the 
other,  the  air  in  the  mine  becomes,  for  days  together,  so  fftr  stagnant  and 
fouled  with  noxious  gases,  that  candles  are  extinguished  and  the  workings 
stopped.  These  difficulties  were  experienced  and  partly  surmounted  in  work- 
ing coal-mines  more  than  150  years  ago.  They  are  now  pressing  severely  on 
the  ecoaony  of  working  in  the  deeper  metalliferous  mines ;  and  doubtless,  in 
tiM  one  case  as  in  the  other,  necessity  will  ultimately  teach,  at  a  cost  of  life 
and  property  it  is  impossible  to  calculate,  the  simple  means  requisite  for  pro- 
dncing  a  uniform  current  of  pure  air  at  all  seasons  of  the  year.  An  arrange- 
ment like  the  Staffordshire  mode  of  Tentilation,  already  described,  consisting 
of  an  air-pipe,  or  channel,  at  the  side  of  the  shaft,  terminating  in  a  chimney 
at  the  surface,  was  first  adopted.  A  fire  being  lighted  at  the  bottom  of  the 
chimney  whenever  the  air  was  **  dull  *'  or  *'  heavy,"  the  ventilation  of  the 
mine  was  thus  prevented  fimn  reversing. 

The  last  of  these  contrivances  in  the  Newcastle  coal-fields  existed  at  ina 
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Felling  coUieiyin  1812,  when  ninety-two  persons  were  killed  by  an  explosion; 
but  they  are  unfortunately  still  too  common  in  other  districts.  As  the  prin- 
ciples of  natural  Tentilation  became  understood,  it  was  found  desirable  to  add, 
by  artificial  means,  to  those  differences  of  temperature  which  caused  it,  so  as 
to  increase  the  ventilation  or  maintain  it  at  a  uniform  rate,  without  obstruct- 
ing the  current  by  confining  it  in  a  narrow  chimney. 

The  simple  solution  presented  itself  of  consuming  certain  quantities  of  ooal 
in  the  air-way  near  the  upcast  shaft,  in  such  a  manner  as  to  insure  the  heat 
being  taken  up  uniformly  by  the  air,  and  as.little  as  possible  radiated  or  ab- 
sorbed into  the  rbck  of  tiie  mine.  For  this  purpose  a  fomaoe,  Tarying  from 
five  feet  to  ten  feet  in  width,  is  constructed  in  an  archway  of  fire  brick,  the 
bars  being  placed  about  one-fourth  of  the  height  from  the  bottom  or  floor. 
An  air-space  is  left  for  the  passage  of  some  air  round  the  outside  of  the  ajrch, 
and  water  is  allowed  to  stand  in  the  ash-pit ; .  whilst  the  main  current  passes 
above  and  partly  under  the  bars :  the  heat  which'  would  be  radiated  into 
the  rock  is  thus  intercepted.  The  water  being  converted  into  vapour, 
increases  the  rareftujtion  in  the  upcast  shaft.  The  drawing,  in  Fig.  7, 
Plate  IV.,  represents  one  of  the  best  forms  of  colliery  famaees  for  produeLag 
an  equable  ventilation,  especially  where  the  coal  is  much  given  to  clinker  and 
the  bars  have  to  be  cleaned,  whilst  the  pit  is  at  work.  Each  ftimace  is  fed 
with  coal  alternately.  The  amount  of  ventilation  produced  by  a  well-con- 
structed furnace  varies  in  practice  from  4000  to  6000  cubic  feet  per  minute 
for  each  foot  in  breadth  of  the  bars.  The  bars  are  usually  shout  six  feet 
from  front  to  back ;  but  the  first  four  feet  are  suffioieut  for  the  fire,  which 
should  be  kept  as  thin  as  possible. 

The  furnace  should  be  placed  at  a  distance  of  thirty  or  forty  yards  from 
tiie  shaft,  so  that  the  currents  of  air  of  different  temperatures  should  be  more 
uniformly  mixed  before  entering  the  upcast.  The  ftimace  drift  should  begin 
to  rise  from  the  front  of  the  fire,  to  accommodate  the  expansion  of  the  air,  and 
rise  not  less  than  one  in  six  to  the  shaft  It  is  obvious  that  the  area  of  the 
furnace  drift  should  be  larger  than  that  of  the  other  main  air-ways  of  the 
mine.  In  ascending  the  shaft,  the  air  parts  rapidly  with  its  heat.  In  a  per- 
fectly dry  upcast  shaft  lined  with  fire-brick,  the  temperatures  of  the  air  at 
25  yards  and  100  yards  from  the  surfetce  were  188°  and  SOT"*  respectively ;  in 
another  shaft  at  the  same  depths,  104''  and  185^ :  a  loss,  in  &ct,  of  about  l"  for 
10  feet  in  ascent,  although  the  air  was  moving  at  a  velocity  of  11)  feet  in  a 
second.  This  will  serve  to  explain  the  great  loss  sustained  when  the  fiimace 
drift  is  of  great  length,  and  when,  as  is  frequently  the  case,  it  is  contracted 
in  area,  and  not  careftdly  walled  and  arched  in  brick. 

An  example  is  given  by  Mr.  Strove,  which  is  also  represented  in  Fig.  8, 
Plate  IV.,  in  which  a  culvert  130  yards  long,  rising  at  an  angle  of  20*",  provided 
with  a  frimace  at  the  bottom,  conveyed  the  air  to  another  small  ftirnace  at  the 
top,  surmounted  by  a  chimney  fifty  feet  high.  When  the  temperature  of  the 
external  atmosphere  reached  82*",  the  furnaces  reversed,  and  the  air  descended. 
This  will  be  explained  by  the  sketch.  The  column  of  air  in  the  workings 
154  yards  high  at  dS""  plus  the  column  of  air  in  the  drift  60  yards  high,  at  a 
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temperatoie  of  100**,  were  heayier  than  a  column  of  air  of  214  yards  in  height 
and  82*"  in  temperatoie. 

It  has  been  already  shown  that  tiie  amoimt  of  ventilation  e&cted  by  a 
fomace  is  as  the  square  root  of  the  difference  between  the  temperatures  of 
the  downcast  and  upcast  shafla,  and  also  as  the  square  root  of  depth  of  the 
fomace  from  the  surface.  It  is  for  this  reason  that  fire-lamps  hung  a  short 
distance  down  the  upcast  shaft  are  inefficient,  and  only  admissible  as  a  tem- 
porary expedient.  Both  fire-lamps  and  fireplaces  on  the  side  of  a  drift  are  in- 
capable of  producing  any  considerable  ventilation ;  as  the  consumption  of  coal 
is  small,  and  in  tiie  latter  case  much  of  the  heat  passes  into  the  rock  and  is  lost. 

The  temperature  of  afiunace  shaft  is  exceediogly  variable,  and  so'also  the 
ventilation,  though  in  a  less  degree.  At  the  Moifa  colliery  (one  of  the  most 
economical  examples  of  furnace  ventilation)  90  lbs.  of  ooal  were  thrown  on  to 
a  furnace  6  feet  2  inches  wide,  every  quarter  of  an  hour.  The  mean  tempera^ 
tare  of  tiie  ascending  air  25  yards  down  the  shaft,  was,  just  before  the  coal 
was  thrown  on,  188";  two  minutes  after  the  supply  of  ftiel,  196^  at  three 
minuiee  again  196*";  and  8  minutes  after,  191**.  llie  writer  has  met  with 
instances  where  the  ventilation  has  fallen  from  one-seventh  to  one-fourth  in 
amount  from  the  neglect  of  the  man  in  charge  of  the  fomace.  In  mines 
where  the  ventilation  is  barely,  sufficient  to  dilute  the  explosive  gases, 
how  many  explosions,  apparently  difficult  to  account  for,  may  have  arisen 
from  tbis  cause !  At  the  Oymmer  oolliezy,  where  last  summer  116  human 
beings  were  hnrried  into  eternity,  one  of  the  foremen  of  the  pit,  on  descend- 
ing a  diort  time  before  the  explosion,  found  the  fiimace  very  slack.  When 
the  air  returning  from  a  mine  is  very  foul,-^that  is,  charged  with  fire-damp 
nearly  up  to  the  explosive  point, — ^it  flashes  off  in  long  flakes  as  it  passes  over 
the  fire.  The  chemical  affinity  is  raised  by  the  heat;  and  these  flakes  of  fire 
coirespond  to  the  cap  upon  the  coQier's  candle.  In  all  mines  where  there  is 
a  considerable  discharge  of  fire-damp,  the  return-air  containing  the  gas 
should  not  be  carried  over  the  ftimace,  but  through  a  separate  drift,  called  a 
"  dumb-drift,"  into  the  shaft.  This  drift  should  enter  the  shaft  at  least  20  yards 
above  the  ftumace  drift,  to  prevent  the  possibilily  of  the  foul  air  becoming 
ignited.  Begnault  determined,  in  1853,  that  the  specific  heat  of  air  was  '2069 
— i,e.  that  the  same  amount  of  heat  which  would  raise  1  lb.  of  water  one 

degree  in  temperature,  would  raise  the  same  weight  of  air .  ^g^  =  375  degrees ; 

equivalent  to  raising  49  cubic  feet  of  air  by  one  degree.  The  average  of  the 
coak  experimented  upon  for  use  in  the  steam  navy,  converted  per  pound  of 
coal  consumed  under  an  ordinary  boiler,  8*69  lbs.  of  water  into  steam;  but 
according  to  the  theoretical  heating  power  of  tiie  average  amount  of  hydrogen 
and  carbon  in  the  coals,  each  pound  was  equivalent  to  the  evaporation  of 
13-775  pounds  of  water,  or  the  heating  by  one  degree  of  674,975  cubic  feet  of 
air.  At  the  Hetton  colliery,  three  furnaces,  one  of  nine  feet  and  two  of  eight 
feet  in  width,  gave  a  dombiued  result  of  11*006  cubic  feet  of  air,  raised  62°  xq 
temperature  per  pound  of  coal  consumed,  and  18*86  pounds  were  consumed 
on  thefhmaoes  per  minute.    The  nine-feet  fomace  alone  gave  16,320  cubic 

USEFUL  METALS.  k 

Digitized  by  LjOOQIC 


180 


HEASimXMSNT  OF  TXNTII.ATION. 


feet  of  air  raised  20^  as  the  result  for  each  pound  of  coal.  The  total 
effects  in  the  two  cases  were  equivalent  to  raising  686,092  and  473,280  cubic 
feet  1"*  in  heat  respectiyely.  It  is  evident  that  the  Hetton  coal  was  of  supe- 
rior quality;  but  that  the  loss  of  heat  in  the  furnaces  and  drift  was  very 
smalL  The  average  e£Eect  of  one  pound  of  coal  may  be  taken  as  imparting 
one  degree  to  500,000  cubic  feet  of  air. 

It  is  an  easy  transition  to  proceed  to  calculate  the  theoretic  horse-power 
of  an  upcast  shaft,  of  which  the  area  and  depth  are  given ;  but  it  will  be 
moie  satlB&ctory  to  compare  the  usefcd  work  done  upon  the  air  by  the  con- 
sumption of  one  pound  of  coal  in  an  air-furnace,  or  under  the  boiler  of  a  ven- 
tilating machine.  It  is  first  necessary  to  explain  the  modes  adopted  for 
arriving  at  the  results. 

MeaswwBMHts  of  ▼•ntllatloa.— The  simplest  method  of  measuring 
the  amount  of  air  passiog  along  an  air- way  of  uniform  area,  is  to  start  firom  a 
fixed  point  and  walk  in  the  direction  of  the  current  of  air  at  such  a  speed  as 
just  to  keep  upright  the  flame  of  a  candle  carried  in  the  hand.  The  length 
travelled  in  one  minute  multiplied  by  the  area  of  the  air- way,  is  the  quantity 
of  air  passing  per  minute.  It  is  very  desirable  that  the  subordinate  officers 
having  charge  of  the  ventilation  should  daily  measure  by  a  sand-glass,  and 
mark  on  the  wall,  the  distance  they  can  thus  walk  in  a  minute  in  eveiy  split 
of  air  in  the  mine :  no  better  instructor  in  ventilation  could  be  found.  As  a 
velocity  under  thirty  lineal  feet  per  minute  does  not  appreciably  deflect 
the  flame  of  a  candle,  this  method  is  evidently  only  an  approximation. 

Powder-  smoke  is  frequently  used  for  the  purpose.  Powder  is  flashed  off  on 
the  ground,  and  two  observers  mark  the  instants  at  which  the  smoke  passes 
them.  If  the  velocity  of  the  last  part  of  the  doud  of  smoke,  as  well  as  the 
first,  is  observed,  the  mean  affords  a  close  approximation  to  the  true  velocity. 
In  the  preceding  methods,  a  considerable  length  of  uniform  air-way  must  be 
selected ;  but  greater  accuracy  and  convenience  is  gained  by  employing  an 
anemometer,  which  requires  only  to  be  placed  in  several  positions  in  any  spot 
in  the  air-way  to  obtain  the  desired  result.  The  form  of  anemometer  generally 
used  in  this  country  is  Biram's,  which  is  illustrated  in  Fig.  1,  Plate  V.  Each 
revolution  of  the  vanes  corresponds  to  one  foot  in  the  linear  motion  of  the  air, 
and  is  registered  on  the  dial-plate.  The  velocity  per  minute  multiplied  by  the 
area  of  the  place  in  square  feet,  give  the  number  of  cubic  feet  of  air  travelling 
per  minute.  It  is  to  be  regretted  that,  from  the  construction  of  these  six-inch 
anemometers,  a  current  of  100  lineal  feet  per  minute  is  required  to  set  them 
in  motion;  in  many  ill-ventilated  mines  they  are,  therefore,  useless.  Combe's 
anemometer,  on  the  other  hand,  being  constructed  with  the  lightness  of  watch- 
work,  is  set  in  motion  by  a  velocity  of  only  thirty  feet  per  minute.  The 
wheels  A  A  that  register  tiie  velocity,  can  be  thrown  in  and  out  of  gear  with 
the  worm  B  by  means  of  the  strings  0  0,  whilst  the  four  vanes  DD  are  in 
motion.  This  instrument,  which  is  generally  used  in  the  continental  mines, 
is  represented  in  Fig.  2,  Plate  V. 

If  air  is  forced  through  a  long  pipe  by  any  machine,  or  drawn  through  it 
by  some  exhausting  contrivance  placed  at  the  other  extremity,  the  air  will 
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be  found  gradually  to  decrease  in  density  from  the  beginning  to  the  end  of 
the  pipe ;  and  the  difference  between  the  initial  density  and  the  density  at 
any  otiier  point*  will  be  a  measure  of  the  resistance  opposed  by  the  air-\v*ay 
np  to  that  point.  The  difference  of  these  densities  may  be  ascertained  by  a 
water-gange,  inserted  through  the  side  of  the  pipe,  such  as  is  represented  in 
Fig.  3,  Plate  V.  The  glass  tube  being  open  at  each  extremity,  the  difference 
of  the  water-level  in  the  two  branches  of  the  tube  measures  the  difference  of 
pressure  of  the  internal  and  external  air.  If  the  air  of  a  mine  is  carefully 
measured  by  a  barometer,  the  air  will  be  found  gradually  to  diTninish  in  the 
same  manner  in  its  density  or  pressure  from  the  bottom  of  the  downcast 
to  the  top  of  the  upcast  shaft ;  but  the  simplest  method  of  measuring  the 
difference  is  to  place  the  water-gauge  through  a  door  which  serves  to  close 
some  short  channel  between  the  bottom  of  the  two  shafts.  The  air  in  the 
galleries  may  be  compared  to  a  long  spiral  spring  of  extreme  delicacy,  drawn 
along  the  ground,  or  to  springs  connecting  carriages  in  a  railway  train.  The 
expansion  at  any  point  measures  the  resistance  of  the  parts  which  follow.  If 
the  train  is  propelled  before  the  power,  the  compression  at  any  point  measures 
the  resistance  of  the  parts  which  precede.  If  the  difference  of  the  level  of 
the  water  in  the  tubes  is  one  inch,  then  the  weight  of  a  square  foot  of  water 
one  inch  deep  being  5'19  lb.,  this  is  the  total  resistance  offered  on  each  square 
foot  of  the  air-way  to  the  passage  of  the  air  round  the  whole  of  the  galleries 
of  the  mine.  This  is  Commonly  called  the  '*  drag"  of  the  mine.  Multiplied  by 
the  area  of  the  air-way,  and  then  again  by  the  velocity  of  the  aiz^^or,  what  is 
the  same  thing,  at  once  by  the  quantity  of  air  passing— the  result  is  the 
amount  of  useful  work  done  upon  the  air  in  forcing  or  drawing  it  through  the 
mine.  To  this  the  resistances  of  the  shafts  ought  strictly  to  be  added.  The 
water-gauge  is  not  only  a  useful  instrument  for  measuring  the  work  done  on 
the  air,  and  instituting  a  comparison  of  ventilating  powers ;  but  by  observing 
it,  as  well  as  the  amount  of  ventilation,  the  person  in  charge  of  the  latter  can 
see  the  effect  of  his  enlargements  or  splitting  of  the  air-currents ;  and  by  a 
sudden  rise  in  the  water-gauge  he  will  know  that  the  fall  of  a  roof  or  other 
obstruction  in  the  air-ways,  increasing  the  resistance  of  the  air  and  dimi- 
nishing its  quantity,  has  occurred.  A  rise,  on  the  other  hand,  might  be 
caused  by  leaving  open  a  door,  thus  giving  the  air-currents  a  shorter  run. 

At  the  Tyne  Main  Colliery,  34,955  cubic  feet  per  minute  were  exhausted  at 
a  drag,  measured  by  0*2  inch  of  water,  under  natural  ventilation,  caused  by  a 
difference  of  20°  between  the  two  shafts.    The  horse-power  expended  in 
effective  ventilation  was  therefore— 
<mb.  ft.    faiobes.      lb. 

33,000  *^ 

By  the  consmnption  of  16-76  lbs.  of  coal  per  minute,  which  increased  the 
difference  of  temperature  to  04^*,  the  useful  work  became — 
eab.  ft.       inehes.        lb. 

m,876X-916JliJg  ^  „.ee  i„«.p,,er. 
33,000 
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This  18  the  power  of  a  shaft  208  yards  deep  and  50  square  feet  in  area.  At 
the  Hetton  colliery  the  upcast  shaft  is  158  square  feet  in  area  and  900  feet 
deep  to  the  three  fomaces:  a  difference  of  temperature  of  28''  in  natural 
▼entilation  produced — 

cub.  ft.      Inches.       Ibt. 

88,000  *^ 

and  a  difference  of  temperature  of  86**,  the  result  of  the  consnmption  of 
1886  lbs.  of  coal  per  minute,  yielded — 

tab.  ft.      Inches.       lbs.  * 

208.466  X  1-2  Xgl<>  =  jo.^  k^p„wer. 
83,000 

The  Tyne  main  and  Hetton  shafts  yielded  0*81  and  1*5  horse-power  by 
the  consumption  of  1  lb.  of  coal  per  minute— «  difference  owing  to  the  higher 
temperature,  the  unequal  area,  and  the  metal  tubeing  in  the  fonner  shaft. 

The  average  of  the  coals  tried  under  the  Admiralty  boiler  for  60  lbs.  com- 
Bomed  per  hour,  evaporated  Si  cubic  feet  of  water,  equivalent  nominally  to  8( 
horse-power.  It  follows,  in  this  view  of  the  question,  that  the  Tyne  main 
shaft  yielded  no  more  than  O^per  cent,  and  the  Hetton  no  more  than  17^  per 
cent  oi  the  usefiil  effect  which  the  same  quantily  of  c$oal  is  capable  of  yield- 
ing when  appUed  under  a  boiler.  A  wide  margia  is  thus  left  for  the  introduc- 
tion of  a  more  economical,  if  not  more  convenient,  ventilating  power. 

It  has  been  shown  that  in  attempting  to  increase  the  ventilation  in  any 
collieiy  without  altering  the  air-way,  the  resistance  increases  as  the  square  of 
the  vdocity.  Thus,  if  the  velocity  be  doubled,  tihe  resistance  will  be  four 
times  as  great,  and  the  power  expressed  will  become  2y  x  2%  r=  2'VK ;  con- 
sequently the  power  required  to  increase  ventilation,  the  air-courses  remain- 
ing the  same,  increases  as  the  cube  of  the  velocity  or  ventilation.  But  from 
the  loss  of  heat  at  high  temperatures,  and  otiher  causes  incidental  to  the  em- 
ployment of  power,  it  should,  in  practice,  be  calculated  that  the  fourth  power, 
rather  than  tihe  cube,  approximates  to  the  expenditure  required  in  ventilation. 
It  may  easily  be  conceived  that  a  practical  limit  is  soon  reached  in  the  appli- 
cation of  any  ventilating  power;  but  soonest,  perhaps,  in  the  case  of  tihe  fur- 
nace, in  consequence  of  the  high  temperatures  and  the  small  exhaustion,  not 
exceeding  in  any  mine  IS  lbs.  on  the  square  foot,  which  it  affords.  But,  on  the 
other  hand,  if  the  ventilation  is  increased  by  splitting  the  air-current  into  two 
air-ways  of  the  same  area  and  length,  double  the  power,  in  lieu  of  eight  times 
the  power,  is  all  that  is  required  to  double  the  ventilation  when  the  shafUare 
adequate  in  area.  It  is  by  carrying  out  this  principle  that  the  natural  ven- 
tilation of  the  Hetton  colliery  exceeded  the  highest  furnace  ventilation  at 
Tyne  main. 

An  important  deduction  may  be  also  drawn  from  the  artificial  ventilation 
being  in  one  case  double,  in  the  other  treble  the  natural  ventilation ;  viz.  that 
the  air- currents  should  be  arranged  in  accordance  with  the  principle  before 
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stated,  so  as  to  obtain  the  greatest  assistance  from  the  natural  tendensieB  of 
the  air. 

The  Stems* J«t. — Of  the*Tarioiia  yeatilating  powersi  this  is  the  most 
nearly  allied  to  the  furnace,  when  the  steam  is  allowed  to  issue  near  the 
bottom  of  the  shaft,  for  the  temperature  and  aqueous  vapour  both  aid  in 
rarefying  the  ascending  air.  This  is  the  chief  effect  produced  by  a  blast-pipe ; 
and  although  very  couTenient  in  the  locomotive  engine,  where  the  run  of  the 
air  is  short  and  tiie  exhaustion  required  small,  it  is  unsuited  to  the  efficient 
ventilation  of  a  mine.  The  introduction  of  the  steam-jet  as  a  ventilating 
power,  although  instances  are  on  record  of  its  previous  empbyment,  is 
chiefly  due  to  Mr.  Gumey,  who  proposed  it  to  a  Committee  of  the  House  of 
Commons  on  Coal  Mines  in  1885.  The  action  of  the  steam  is  variously  ex- 
plained. Mr.  Gumey  describes  it  as  acting  by  impulse  and  a  partial  vacuum, 
others  by  the  friction  on  the  air  carrying  the  hitter  along  with  it. 

A  single  jet  is  represented  in  Fig.  4,  Plate  V.  The  orifice  usually  varies 
from  ^th  of  an  inch  to  ^th  of  an  inch  in  diameter.  The  steam  fonns  a  cone, 
which,  with  the  last-named  size  of  jet,  and  a  pressure  of  30  to  40  lbs  in  the 
boiler,  is  1  ft  0  ins.  in  diameter  at  4^  feet  from  the  jet  pipe.  Its  most 
economical  effect  is  obtained  when  it  is  surrounded  by  a  cylinder  not  exceed- 
ing this  diameter,  and  whose  length  is  about  eight  times  the  diameter.  Glepin 
found  the  manimum  useful  effect  with  a  cylinder  8  inches  in  diameter  and 
3  feet  long,  when  the  steam  was  at  a  pressure  of  75  lbs.  It  occupied  also  a 
prominent  position  in  the  investigations  of  the  South  Shields  Committee,  and 
the  Parliamentary  Committees  of  1849  and  1852.  The  Seaton  Belaval 
colliery  was  long  quoted  as  a  successful  example  of  steam-jet  ventilation ;  but 
as  the  temperature  of  the  upcast  was  130**— t.^.  88*  hotter  than  the  downcast, 
caused  by  four  underground  boiler  fires  and  gas  retorts  consuming  24^  lbs.  of 
coal  per  minute — it  ought  to  be  considered  a  fhmace  ventilation,  rather  than 
as  effected  by  the  steam-jet  Accordiug  to  the  collieiy  measurements,  3274 
cubic  feet  of  air  per  minute  were  obtained  for  each  lb.  of  coals — according  to 
the  Government  Inspectors,  only  1802  cubic  fact;  whereas  we  have  seen  that 
the  Tyne  main  and  Hetton  fomaces  gave  respectively  0080  cubic  feet,  and 
IIOOG  cubic  feet  by  the  consumption  of  lib.  of  coal  per  minute.  The 
exaggerated  views  entertained  of  the  economy  of  the  steam-jet  by  some  persons 
were  exposed  in  the  elaborate  experiments  of  Mr.  Glepin  in  1844 :  but  it  is 
to  the  liberality  and  talent  of  Mr.  Nicholas  Wood  that  the  mining  world 
chiefly  owes  a  series  of  experiments  made  in  1853,  on  a  scale  never  before 
attempted.  These  trials  on  the  largest  mines  in  England,  whilst  establishing 
the  true  relative  position  of  the  fiimace  to  the  jet,  have  conferred  great  benefit 
by  promoting  the  sdence  and  practice  of  ventilation.  At  the  Hetton  coUieiy, 
thirty-seven  jets  }  inch  in  diameter  (in  total  area  1*81  square  inch)  exhausted 
the  steam  at  40  lbs.  pressure  from  two  boilers,  with  hemispherical  ends 
5  feet  6  inches  in  diameter,  and  20  feet  long,  which  evaporated  117^  cubic 
feet  of  water  per  hour,  consuming  for  this  purpose  at  the  rate  of  25ilbs.  of 
eoal  per  minute.  The  jets  were  arranged  uniformly  in  tubes  in  the  area  of 
the  bottom  of  the  shaft    The  downcast  and  upcast  air  were  respectively  at 
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40'  and  00^  difl'erence,  44^  The  quantity  of  air  averaged  169,918  cubic  feet 
per  minute,  at  a  drag  of  415  lbs.  on  the  square  foot,  equivalent  to  20*12  horse- 
power of  useful  effect;  and  subtracting,  as  beTore,  11  horse-power,  the  work 
due  to  natural  ventilation,  the  useful  effect  obtained  from  the  jets,  including 
the  increased  temperature,  was  0'86  horse-power  for  each  lb.  of  coals  oonsnmed 
per  minute,  one-fourth  only  of  the  economy  of  the  fdmace. 

At  the  Tyne  Main  CJoUiery,  sixty-one  jets,  each  A  of  an  inch  in  diameter 
— ^united  area,  1*68  square  inch — ^were  placed  in  cylinders  6  feet  long,  and  11 
inches  in  diameter,  close  to  the  top  of  the  shaft,  the  spaces  between  the 
cylinders  being  closed.  Two  boilers,  30  feet  long  and  6  feet  in  diameter,  con- 
sumed 20*48  lbs.  of  coal  per  minute,  and  evaporated  109  cubic  fieet  €i  water 
per  hour,  equivalent  to  the  same  number  of  horses-power. 

Amount  of  vontilation 49,500  cub.  ft.  per  min. 

Water-gauge        0-4  inch 

Draff  on  squaro  foot 2  lbs. 

Usenil  effect  by  jets  and  natural  ventilation  ....  3*114  horse-power 

Useful  effect  by  natural  ventilation  alone 1*10      „        „ 

Useful  effect  by  jets  alone 2014    „        „ 

Useful  effect  by  jets  alone  per  lb.  of  coal  consumed  per  \  »  »aq 

minute    V /  ^  ^^*    "        " 

Useful  effect  by  furnace  alone  per  lb.  of  coal  con-  \  «..«! 

sumed  per  minute )  "  »*      »>        »» 

Useful  effect  by  jets  and  furnace  together  per  lb.  of)  q.^28 

coal  per  minute /  ^        " 

From  the  above  statement  it  is  evident  that  109  horse-power  expended  in 
steam  only  produced  2*014  horse-power — ^less  than  two  per  cent  of  usefiil 
effect.  Using  fuel  as  the  standard  of  comparison,  the  economy  of  the  furnace 
is  eight  times  greater  than  that  of  the  jet.  By  calculation,  an  addition  of 
2(f  to  the  temperature  of  the  upcast  by  the  consumption  of  2  lbs.  of  coal  pet 
minute  instead  of  20(lbs.,  would  have  yielded  the  same  amoont  of  ventilatioii, 
49,500  cubic  feet  per  minute. 

The  steam  jet  has  been  recommended  as  an  auxiliary  to  the  lamaoe. 
Probably  no  more  favourable  example  could  be  found  than  the  Tyne  main 
shaft ;  and  yet,  although  the  maximum  of  feet  obtained  by  the  furnace  was 
102,500  cubic  feet  at  1*2  inch  water-gauge,  and  the  maximum  by  ftimace  and 
jets  combined  was  106,630  cubic  feet  at  1*25  inch  water-gauge,  the  consump- 
tion of  coal  was  increased  from  16)^  to  37}  lbs.  of  coal  per  minute.  As  we 
proceed  with  the  examination  of  the  other  ventilating  powers,  it  will,  by  com- 
parison, become  stiU  more  manifest  that  the  steam-jet  is  one  of  the  ^nost 
expensive  to  mainJtain ;  but  in  consequence  of  the  insignificant  cost  at  which 
the  jets  can  be  applied  to  a  shaft,  it  will  often  be  a  convenient  mode  to  apply 
ventilation  in  the  sinking  of  a  shaft  or  other  temporary  object,  where  there  is 
boiler  power  to  spare.  After  an  explosion  of  fire-  damp,  when,  on  acoont  of  the 
danger  of  another  explosion,  the  furnace  is  extinguished,  the  staam-jet  may 
prove  a  valuable  expedient. 

K^chaaioal  ▼•ntilatloau— Having  thus  passed  in  review  two  classes 
of  ventilating  powers,  there  still  remain  for  consideration  ventilation  by 
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machines  and  by  water.  In  instituting  an  economical  comparison  of  the  power 
expended  and  the  useful  effect  produced,  we  will,  for  simplicity,  continue  to 
employ  the  same  unit — -viz.,  the  consumption  of  J  lb.  of  coal  per  minute — 
although  subject  to  the  variations  or  errors  incident  to  the  transmission  of 
the  power  through  boilers  and  engines  of  various  construction  and  effectivo- 
ness,  to  the  machines  which  alone  operate  upon  the  air.  Mechanical  venti- 
lators may  be  classified  into  pumps,  fans,  screws,  and  pneumatic  wheels. 
The  duck  machine  of  Cornwall  and  the  Hartz,  the  two  great  schools  of 
metalliferous  mining,  may  be  considered  as  the  type  of  the  first-named  class. 
It  was  improved  by  Mr.  John  Taylor  in  1810.  Figure  5,  Plate  V.,  represents 
an  inverted  tube  A  A  suspended  from  a  beam,  and  working  up  and  down  in  the 
water  B.  As  the  tube  ascends,  the  valves  C  open,  and  it  becomes  filled  with 
the  air  of  the  mine.  In  descending,  the  valves  G  dose  by  their  own  weight, 
and  the  enclosed  air  is  forced  out  through  the  valves  D.  An  improved 
machine  has  been  for  many  years  ventilating  the  Marihaies  colliery  near 
Seraing.  Two  iron  tabs  or  aerometers,  each  1 1  feet  6  inches  in  diameter,  are 
suspended  to  a  beam  allowing  of  a  five-feet  stroke.  The  velocity  of  each 
aerometer  was  125  lineal  feet  per  minute ;  and  11,500  cubic  feet  of  air  per 
minute  were  exhausted  at  a  drag  of  6}  lbs.  per  square  foot.  Mr.  Strove 
of  Swansea,  by  covering  over  the  aerometers,  so  as  to  make  them  double-acting, 
and  by  placing  the  valves  at  the  side,  in  order  to  reduce,  by  large  valve-area, 
the  enonnous  loss  of  power  in  the  valves  of  the  above  machines,  has  succeeded 
in  producing  a  machine  fiur  superior  to  its  preceding  types,  and  excellently 
adapted  to  ventilation  and  to  the  exhausting  of  large  bodies  of  air.  Figure  6, 
flate  v.,  represents  this  machine  connected  to  a  winding  shaft  B,  which  is 
closed  at  all  times  by  the  lifting  covers  CO.  A  is  the  aerometer  performing 
its  downward  stroke ;  D  D  are  the  valves.  It  is  evident  that  each  aerometer 
is  both  exhausting  firom  the  mine  and  dischaiging  into  the  atmosphere  in  all 
parts  of  its  course.  The  largest  ventilation  hitherto  constrocted  is  at  the 
Middle  Dyffi^n  Oollieiy  in  South  Wales.  It  consists  of  two  aerometers,  each 
twenty  feet  in  diameter  on  an  eight-fiBet  stroke,  which  are  therefore  capable 
of  exhausting  10,000  cubic  feet  of  air  by  each  stroke.  It  is  expected 
also  to  make  eight  strokes  per  nunute  when  provided  with  an  engine 
adequate  to  the  resistance  of  the  mine.  The  following  machines  are  now  at 
woric: — 


Where  aituted. 


Tears 

Coet  with- 

9ze. 

at 
irork. 

out  engine. 

12lt.diam. 

8 

£800 

17  ft.  diam. 

5 

700 

16  ft.  diam. 

3 

600 

16  ft  diam. 

4 

400 

12  ft.  diam. 

7 

200 

18  ft.  diam. 

800 

20  ft  diam. 

3 

1000 

Cabio  feet  of  air 

capable  of  being 

eihauated  per 

minnte. 


Eaglesbuah  Colliery,  S.  Wales  . 
Westminater  Colliery,  N.  Wales  . 
Pvle  Colliery,  8.  Wales  .... 
Mynyddbacfayglo  Colliery,  S.Wales 
Millwood  CoUiery,  Swansea  .  . 
Cwmavon  Colliery,  S.  Wales  .  . 
Middle  Dyfiryn  CoUiery,  S.  Wales 


two 
two 
two 
two 
one 
two 
two 


17,000 
50,000 
40,000 
40,000 
16,000 
60,000 
80,000 
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Fig.  7,  Plate  V.,  represents  a  section  of  a  double-acting  aur-pamp,  ai^plied 
.by  Mr.  Briddle  at  the  Hebbtim  colliery,  when  the  discharge  of  fire-damp 
rendered  the  employment  of  a  furnace  dangerous.  The  cylinder  was  6  feet 
and  5  feet  square,  and  the  piston  made  80  strokes  6  feet  in  length  per  minute. 
Machines,  with  pistons  of  Hi  ^^^^  ^  diameter  and  oounterfoalanoed  Talves, 
have  since  been  erected  at  mines  near  liege. 

Tmnm, — ^The  common  straight-vaned  fan,  with  air  entering  on  each  side . 
of  the  centre,  as  in  Letoret's  fan,  has  been  erected  by  Mr.  Nasmyth,  at&e 
Skiers  Spring  and  Abercom  mines.  The  fan  at  the  former  place  is  6  feet 
in  diameter,  at  the  latter  12  feet.  A  better  effect  is  produced  by  Letoret's 
fan,  of  which  there  are  many  examples  at  the  Bdgian  mines.  The  sloping 
vanes  A  A  are  adjustable  to  angles  of  from  110°  to  180"*  to  the  radius  (as 
represented  in  Fig.  6,  Plate  V.),  according  to  the  velocity  at  which  they  have 
to  be  worked.  B  are  the  entntnces  for  tiie  air,  at  C  is  the  connection  with 
the  upcast  shaft,  and  D  is  the  drum  by  which  the  fan  is  driven. 

Figs,  la  and  16,  Plate  VI.,  represent  a  vertical  and  horizontal  seetion 
of  the  curved  vane  fan,  invented  and  applied  to  sevesal  mines  on  the  Ckmti- 
nent  by  the  Inspector-General  Combes.  A  A  are  the  curved  vanes,  occu> 
pying  one-third  of  the  circumference ;  B  is  the  shaft.  By  calculation,  &e 
springing  of  the  vanes  ought  to  fonn  with  the  radius  an  angle  of  150\ 
The  fan,  which  appears  to  avoid  most  of  the  sevDoeB  of  loss  of  pow«r,  is 
that  represented  in  Figs.  2a  and  2b,  Plate  VI.  It  was  invented  by  Mk. 
Geoige  lioyd  of  the  Borough,  and  gained  a  medal  at  the  Exhibition  in  1651. 
At  A  is  the  communication  with  the  shaft,  at  B  the  openings  from  it  into  Urn 
fan,  and  G  G  ore  the  vanes,  which  occupy  only  one^ixth  of  the  dromnfeiBiice. 
The  throttling  of  the  air  in  entering  between  the  springing  of  the  vanes^ 
which  causes  the  loud  humming  noise  in  fSans  running  at  a  high  velocity,  is 
avoided  by  making  the  vanes  wider  at  that  point,  so  that  the  passage  for  the 
air  throu^  the  vanes  is  of  the  same  area  throughout.  The  same  result  has 
been  obtained  in  a  conical  fan  contrived  by  the  writer,  and  represented  in 
Figs.  8a  and  86,  Plate  VI.  A  is  the  upcast  shaft ;  B  a  hollow  cone  of  sheet-iron, 
between  which  and  the  outer  conical  side  G  are  the  spiral  vanes  D  D.  There 
is  less  loss  of  the  vU-vivay  in  consequence  of  the  slight  deflection  undergone 
by  the  air-current ;  and  by  increasing  the  lengtii  in  pnq[>ortiQn  to  the  diameter 
of  the  cone,  a  greater  exhaustion  or  compression  can  be  obtained  than  by 
ordinary  fans. 

Herburger's  fan  was  applied  more  than  twenty  years  ago  to  venti- 
lation :  it  is  represented  in  Fig.  4,  Plate  VI.  It  is  similar  to  the  £an  invented 
by  Mr.  Brunton,  but  has  this  advantage,  that  each  alternate  vane  B  being 
shorter,  there  is  less  throttling  of  the  air.  The  ingress  of  the  air  is  pre- 
vented by  a  sheet-iron  ring  dipping  into  water  at  G. 

Motto's  Archimedean  screw,  represented  in  Fig.  5,  Plate  VI.,  was  applied 
to  the  ventilation  of  mines,  and  was  awarded  a  gold  medal  by  the  Bdgium 
Academy  of  Sciences  in  1840.  Since  that  period  a  large  number  of  venti- 
lators, upwards  of  two  hundred,  of  various  kinds,  have  been  applied  in  that 
countiy  to  the  ventilation  chiefly  of  ihe  coal-mines,  in  which  tlie  seams  of 
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Fig.  6. 


^coal  are  extremely  thin,  and  which  lie  at  a  high  inclination,  the  air- ways 
being  consequently  smalL  Several  kinds  of  ventilators,  in  form  nearly 
resembling  his  anemometer,  have  been  employed  by  Mr.  Biram  to  ventilate 
collieries  at  Elsecar.  Lesoinne's  ventilator,  in  the  Belgian  coal  field,  closely 
resembles  it,  the  vanes  being  fixed  at  the  angles  given  by  Smeaton  for  wind- 
mill sails. 

The  two  ventilators  most  frequently  erected  in  Belgium  are  Fabiy's  and 
Lemielle's.  The  latter  consist  of  two  wheels 
revolving  in  opposite  directions  in  a  case  A,  by 
means  of  the  external  cogwheels  BB,  Fig.  6. 
The  cogs  of  one  of  these  machines  was  0  feet  6 
inches  in  length,  projecting  5  feet  7  inches  from 
the  centre,  and  was  propelled  by«  12  horse-power 
steam-engine,  <^  12  inch  cylinder,  and  2  feet  stroke. 
The  three  teeth  of  the  axle  drives  the  air  in  the 
direction  of  the  arrows,  with  a  peculiar  arrangement  at  the  centre,  which 
prevents  its  return.  With  the  steam  at  41  lbs.,  the  number  of  strokes  was 
48;  the  quantity  of  air  exhausted,  24,400  cubic  feet  per  minute,  at  a  resis- 
tance of  9}  lbs.  per  square  foot  Its  most  economical  effect  was  at  12^  lbs. 
The  machine  cost  £17Q ;  with  engine  and  boiler,  engine-house,  culvert,  &c., 
£379.  The  annual  expenses  are— attendance  and  repairs,  JU7  lOs. ;  coals, 
Ml  ICs. ;  total,  iei09  12s.  Useful  effect,  7  horse-power ;  and  for  each  lb.  of 
ooal  per  minute,  2*8  horse-power.  Fabry's  machines  are  more  used  for  forcing 
_  the  air  through  the  mine  than  in  exhausting  it.     Mr. 

George  Jones  of  Birmingham,  claims  the  invention  at  an 
early  date,  of  a  machine  similar  in  principle  to  Fabry's, 
but  of  greater  simplicity,  and  in  more  perfect  contact  of 
the  revolving  pistons.     It  is  represented  in  section  in 
Fig.  7.    Lemielle's  ventilator  bears  much  resemblance  to 
^iM  the  rotary  steam-engine.    Verzy'a 
.  y  ^  closely  resembles  it,  being  a  cylin- 
der flattened  on  two  sides,  revolv- 
ing  on  an  axis  inside  an  airtight 
'  case.     To  these    flat   sides  are 

attached,  by  hinges,  the  shutters  BB,  which,  by 
means  of  the  connecting-rods  moving  round  the  eccen* 
trie  axis  £,  are  opened  in  passing  the  space  C,  and 
dosed  in  returning  by  D.  The  air  is  thus  propelled 
in  the  direction  of  the  anows.  One  of  these  ventila- 
tors at  the  Bois  de  Boussu,  exhausted  21,000  cubic  ^'  ^* 
feet  of  air  at  an  exhaustion  of  47  inches,  or  24*6  lbs.  per  square  foot  drag, 
equivalent  to  16  0  horse-power  of  useful  effect.  A  horizontal  high-pressure 
engine  of  14'8-ineh  piston,  and  28-inch  stroke,  making  80  strokes  per  minute, 
eonsumed  the  power  of  5  lbs.  of  coal  per  minute.  The  ventilators  of  Motte, 
Combes,  Biram,  and  Bmnton,  are  suitable  for  overcoming  a  drag  of  about 
5  lbs.  per  square  foot    Letoret's  and  Lloyd's  fans  can  be  worked  up  to 
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10  lbs. ;  the  preceding  machines  are  capable  of  being  aided  by  any  natural 
ventilation  which  may  exist,  and  exhaust  sufficiently  to  ventilate  most  mines 
where  the  air-courses  are  well  laid  out ;  yet,  like  all  quick-motion  machines, 
they  exhibit  a  considerable  loss  of  power. 

Watei  ▼•ntilation  maybe  applied  when  there  is  on  excess  of  pumping 
power  in  any  mine,  with  an  outlet  for  it  by  an  adit  level.  Water  where 
thrown  into  a  downcast  shaft  after  on  explosion  of  fire-damp,  or  when  the 
air  becomes  dull,  aids  the  ventilation,  by  cooling  the  air.  Mr.  Greenwell 
found  at  the  Blackboy  colliery,  that  a  fall  of  water  from  two  holes,  one  inch 
in  diameter  each,  to  a  depth  of  126  yards,  increased  the  ventilation  in  one  of 
the  districts  from  8394  cubic  feet  of  air  per  minute  to  ll,56d  cubic  feet.  Figs. 
9  to  12,  represent  in  section  four  methods  in  which  water  has  been  applied  to 
mine  ventilation.  Fig.  9  is  the  water-trunk  used  in 
Cornish  mines.  The  water  flowing  from  A  breaks  on 
the  iron  bars  B ,  entangling  the  air  in  its  stream.  The 
air  passes  ofi  by  the  trunk  D,  and  the  water  collects 
and  overflows  from  the  cistern  G.  Fig.  10  represents 
the  water-blast  (tnmps)  brought  by  the  Moors  into 
Spain,  and  used  for  blomng  the  Catalan  forges.  The 
pipe  B,  which  the  water  enters  in  a  funnel-shaped 
stream,  regulates  the  discharge  of  water.  The  air 
enters  chiefly  by  the  holes  just  below ;  and  when  the 
water  breaks  on  the  block  G,  is  forced  through  tlie 
air-trunk  D.  The  waste  water  overflows  at  £.  A  great 
mistake  is  sometimes  committed  in  making  the  air- 
trunk  D  too  small.  It  is  quantity  of  air,  not  velocity,  that  is  required  in  un- 
derground operations.  Fig.  1 V  differs  chiefly  from  the 
last  in  the  tds-viva  of  the  falling  water  not  being  ex- 
pended on  the  dashing-block,  but  distributed  on  leav- 
ing the  aperture  0,  over  the  area  of  any  shaft  in  which 
the  water-blast  may  be  placed.  Fig.  12  represents  the 
application  of  water-jets  to  the  ventilation  of  a  gallery 
extending  700  yards  from  the  shaft.  The  air  was 
brought  down  by  the  wooden  trunks  G  G.  The  water 
entering  the  rose  A  passed  down  the  one-inch  gas-pipe 
B ,  and  was  discharged  under  ninety-four  yards  of  pres- 
sure through  the  copper  roses  D  D,  placed  in  the  centre  * 
of  the  air-trunks.    The  water  issued  like  condensed  Fif«  ii.  Fig.  ii. 

steam  from  six  holes  of  one-sixteenth  inch  diameter  in  each  rose.  The 
air  attained  a  velocity  through  this  great  length  of  pipe  of  600  lineal  feet 
per  minute,  and  kept  the  ends  at  all  times  clear  of  powder-smoke.  The  ex- 
penditure of  water  was  short  of  six  gallons  per  minute.  The  method  is 
capable  of  great  extension  by  arranging  a  series  of  pipes  and  jets  in  the  area 
of  a  shaft,  either  to  force  or  exhaust  the  air  of  a  mine.  No  experiments  have 
been  yet  made  to  determine  whether  a  mine  can  be  more  economically  ven- 
tilated by  a  pumping-ei^ine  than  by  other  powers ;  but  water  escaping  under 
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great  pressure  may  be  applied  with  signal  advantage  to  ventilate  the  hot  ends 
in  metalliferons  mines. 

BUtovy  of  maing  Jiuisprad«nM.— *In  the  fonr  years  ending  with 
18M,  there  were  1009  lives  sacrificed  by  365  explosions  of  fire-damp,  forming, 
however,  hardly  one-fourth  of  the  deaths  in  coal  mining  (3972)  during  that 
period,  on  which  inquests  were  held.  It  is  probable  that,  with  the  exception 
of  catastrophes  arising  firom  fire-damp,  the  accidents  in  metalliferous  mines 
are  at  least  as  frequent;  and  in  both,  a  greater  number  are  permanently 
maimed  or  die  in  a  short  time  from  the  consequences  of  accidents.  Whilst 
inquests  are  held  annually  on  46  colliers  out  of  10,000,  there  are  upwards  of 
700  annually  injured.  Had  it  not  been  for  the  effect  produced  on  public 
sympathy  by  the  hairowing  details  arising  from  the  sacrifice  of  scores  of  lives 
in  a  few  moments,  by  that  most  fearful  of  all  destroyers,  fire-damp,  the  neoessily 
of  providing  against  this,  and  the  other  destructive  underground  agents,  by 
the  application  of  modem  improvements,  would  only  now  have  been  forcing 
itself  on  the  attention  of  nations  engaged  in  mining.  Far  removed  as  is 
the  miner's  workshop  from  the  light  of  day  and  public  observation,  rarely 
visited  by  his  master,  and  suljeeted  to  inadequate  or  incompetent  supervision, 
legislative  interference,  if  required  in  any  case  by  public  safety  or  sanitary 
necessity,  is  a  fortwri  demanded  to  lessen  the  unnecessaiy  dangers  which 
abound  in  those  dark  labyrinths  from  which  spring  the  chief  elements  of  our 
national  wealth  and  grealaiess. 

It  was  more  immediately  to  an  explosion  at  the  Horloz  mine,  by  which 
sixty-eight  lives  were  sacrificed,  that  the  improved  mining  code  of  Napoleon 
in  1813  is  to  be  attributed.  Napoleon's  law  of  1810  had  previously  abrogated 
the  law  (1791)  of  the  National  Assembler,  which  reserved  to  the  Government 
all  mines  more  than  100  feet  in  depth.  By  the  newer  enactment,  which  has 
been  the  framework  on  which  the  mining  jurisprudence  of  several  other  min- 
ing countries  has  since  been  modelled,  the  right  of  granting  concessions  for 
all  mines  was  reserved  to  the  Government ;  and  certain  small  dues,  together 
with  compensation  for  snrfiiroe  damage,  were  apportioned  to  the  owner.  A 
petition  by  the  person  seeking  a  concession,  has  to  be  adiesaed  to  the  Prefect 
of  the  Department,  or,  in  Belgium,  to  the  Provincial  Counsel,  who  satisfy 
themselves  of  the  rights  and  capabilities  of  the  applicants ;  and  on  their 
advice,  and  that  of  the  Government  engineers  of  mines,  the  Minister  decides 
to  whom  and  on  what  terms  the  concession  can  be  granted.  This  power  the 
Governments  of  the  various  countries  have  employed  to  impose  certain  con- 
ditions on  employers  for  securing  the  due  protection  of  the  life  of  the  work- 
men underground. 

In  our  own  country,  the  minerals  have  been  generally  the  property  of  the 
lords  of  the  soil,  except  such  as  contained  gold  and  silver,  which  were,  up  to 
the  reign  of  William  and  Mary,  termed  royal  mines,  and  paid  dues  to  the 
crown.  The  crown  also  holds  many  properties  in  the  Forest  of  Dean,  in 
wiiich  the  system  of  granting  concessions  is  not  very  dissimilar  to  that  pur- 
sued on  the  Continent,  except  that  provisions  are  not  made  for  the  safe  con- 
duct of  the  underground  operations,  other  than  may  be  arrived  at  by  a 


Digiti 


ized  by  Google 


140  Bitt  HUMPHRY  Davy's  ikvektion. 

proper  mode  of  extracting  the  minerals.  As  an  illustration  of  the  state  of 
the  mining  population,  and  of  the  little  attention  paid  to  them,  it  may  be 
qnoted  as  a  fact  that, "  previons  to  the  year  1775,  all  ooUiers  and  other  persons 
employed  in  coal-works  were,  by  the  common  law  of  Scotland,  in  a  state  of 
slayery.  They  and  their  wives  and  children,  if  they  had  assisted  for  a 
certain  period  at  the  coal- work,  became  the  property  of  the  coal-master,  and 
were  transferable  with  the  coal- work,  in  the  same  manner  as  the  slaves  on  a 
West  India  estate  were  held  to  be  property,  and  transferable  on  a  sale  <tf  the 
estate.    They  were  emancipated  by  15  George  in.,  c.  28." 

Hardly  less  deplorable  has  been  the  condition  of  lai^  sections  of  the 
mining  population  in  other  districts.  Untaught,  uncared  for,  and  demor- 
alized by  track,  they  had  been  abandoned  and  even  encouraged  in  an 
excess  <^  licentiousness  and  moral  darkness,  which  are  a  blot  upon  the 
age. 

It  was  only  after  the  explosion  at  the  Felling  colliery  in  1812,  by  which 
the  unprecedented  number  of  niniy-two  lives  were  lost,  and  the  publication  of 
the  report  of  a  society  then  formed,  "  for  the  prevention  of  accidents  in  coal- 
miues,"  that  Sir  Humphry  Davy  was  invited  in  August,  1815,  to  visit  the 
north  of  England  collieries,  to  suggest  further  precautions.  In  a  few  weeks 
he  produced  the  Davy  lamp,  which,  in  simplioify  and  practical  utility,  has 
not  yet  been  excelled. 

The  great  WaUsend  explosion,  which  hurried  into  eternity  101  more 
victims,  ushered  in  the  investigations  of  the  Committee  of  the  House  of 
Commons,  in  1835,  who,  after  examining  a  large  number  of  witnesses,  re- 
ported that  they  declined  to  offer  any  recommendatioiis,  because  they  were 
unable  to  lay  before  the  House  any  particular  plan  by  which  the  accidents 
could  be  avoided  with  certainty.  They  recommended  the  reporting  of  fktal 
accidents  to  Qorenunent;  ventilation,  to  displace  deleterious  gases,  and  ren- 
der them  no  longer  fatal  to  life ;  safety-lamps,  as  a  precaution  against 
apprehended  sudden  changes  in  the  miner's  atmosphere,  and  plans  of  the 
workings;  whilst  their  strongest  reprobation  was  reserved  for  the  want  of  a 
sufficient  number  of  shafts,  and  the  employment  of  brattice  shafts,  which  the 
slightest  explosion  may  destroy.  2070  were  the  whole  number  of  deaths  in 
the  preceding  25  years,  of  which  ihe  Committee  were  able  to  obtain  inform- 
ation ;  and  had  they  recommended  any  decisive  measure  to  Parliament,  a 
large  number  of  the  12,000  lives  lost  since  that  period  might  have  been 
preserved. 

The  valuable  labours  of  the  South  ShieldB  Conmiittee  followed  the 
sacrifice  of  fifty-two  lives  at  St.  Hilda  in  1839 ;  entering  into  the  detailed 
examination  of  safety-lamps,  ventilation,  infent  labour  in  mines,  the  sci- 
entific education  of  officers  of  mines,  and  government  inspection  and  juris- 
diction. They  reported  *'  that  such  inspection  and  jurisdiction,  for  secur- 
ing the  fullest  protection  to  the  public  interests,  are  perfectiy  compatible 
with  the  private  rights  of  property  and  the  freedom  of  trade ;  and  that  the 
principle  has  already  been  acknowledged  and  acted  upon  by  the  legislature 
with  regard  to  railways,  the  professions,  the  manufectories,  and  some  of  the 
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trades ;  and  is  peculiarly  applicable  to  mining,  unlike  the  former,  fsa  removed 
from  an  enlightened  public  investigation."  In  1 842»  the  admirable  Reports  of 
the  Children's  Employment  Commissioners  for  Mines  were  preseinted  to  both 
Houses  of  Parliament  They  investigated,  with  great  minuteness,  most  of 
the  sanitary  evils  and  the  dangers  to  which  the  mining  population  generally 
are  subject.  Attention  was  chielBiy  directed  to  the  long  hours  and  severity  of 
the  labour  of  mining  boys :  to  the  accidents  which  arise  from  important  duties 
being  placed  upon  them,  such  as  attending  to  ventilating  doors  and  working 
engines ;  and  to  the  seeds  of  disease  and  mortality  produced  by  poor  air,  and 
wet  or  low  travelling  roads.  Iron-stone  mines  were  found  to  be  less  perfectly 
drained  and  ventilated  than  coalmines,  and  therefore  more  intensely  pro- 
ductive of  physical  deterioration;  at  the  same  time  it  was  established  that  a 
coal-mine,  when>properly  ventilated  and  drained,  and  when  all  the  passages 
are  of  tolerable  height,  is  not  only  not  unhealthy,  but,  the  temperature  being 
moderate  and  very  uniform,  it  is,  considered  as  a  place  of  work,  more  salu- 
brious and  even  agreeable  than  that  in  which  many  kinds  of  labour  are 
carried  on  above-ground. 

Amongst  the  metalliferous  mines,  it  was  found  that  only  in  the  Cornish 
district  were  many  children  employed  underground.  The  primary  and  ever- 
active  agent  which  principally  produced  the  rapid  deterioration  of  the  health 
and  strength  of  the  miner,  was  the  noxious  air  of  the  place  in  which  the 
work  is  carried  on.  The  ultimate  eifect  of  the  disadvantageous  circum- 
stances under  which  the  miner  is  obliged  to  pursue  his  laborious  occupation, 
is  the  production  of  certain  diseases  (seated  chiefly  in  the  organs  of  respi- 
ration), by  which  he  is  rendered  incapable  of  following  his  work,  and  by 
which  his  existence  is  terminated  at  an  early  period.  The  presentation  of 
the  report  was  followed  by  an  ever-memorable  speech  from  the  Earl  of 
Shaftesbury;  and  an  Act  (10th  August,  1842)  prohibiting  the  employment  of 
women  and  girls  in  mines,  and  to  regulate  the  employment  of  boys, 
was  the  first  instalment  of  legislative  justice  vouchsafed  to  the  prayers 
of  many  colliers'  petitions.  By  the  second  section  of  the  Act,  boys  must  not 
be  employed  underground  by  the  owner  before  they  are  ten  years  of  age,  under 
a  penalty  for  such  employment  of  not  less  than  £b,  nor  more  than  ^10 ;  but 
any  parent  or  natural  guardian  wilfully  misstating  the  boy's  age  may  be  fined 
a  sum  not  exceeding  J92,  whereby  the  previous  penal^  is  rendered  void. 
The  third  clause  provides  for  the  appointment  of  an  inspector,  an  office  since 
filled  by  Mr.  Tremenheere,  who,  by  his  exertions  for  their  social  improve- 
ment, has  gained  the  regard  of  the  miners ;  and  has  suggested  and  promoted 
the  prize  schemes,  by  which  the  mine-owners  in  many  parts  of  England 
encourage  the  continuance  of  boys  at  school,  after  the  age  at  which  they  are 
now  able  to  ^iter  the  mines. 

The  above  Act  further  renders  illegal  the  employment  of  any  boy  under 
fifteen  years  of  age  to  take  the  charge  of  any  engine,  windlass,  gin,  ropes, 
chains,  or  other  tackle,  whereby  persons  are  brought  up  or  passed  down  any 
shaft  or  underground  inclined  plane.  Any  payments  of  wages  on  the  premises 
of  public-houses  or  places  of  entertainment,  are  of  no  effect;  and  the  person 
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paying  is  liable  to  a  penalty,  because,  as  cited  in  the  Act,  *'  the  practice  is 
found  to  be  highly  ii^nrioos  to  the  best  interests  of  the  working  classes.** 
The  time  had  not  yet  come  for  dealing  with  the  more  serious  defects  in  mines. 
The  Boyal  Commissioners,  Messrs.  Faraday  and  Lyell,  in  1644,  inqnired  into 
the  loss  of  1 05  lives  at  Haswell,  and  into  the  explosion  at  Jarrow  in  the  follow- 
ing year.  Similar  accidents  at  Bisea,  Oldbury,  Goppull  and  Ardsley  main, 
and  the  pnbhc  feeling  ronsed  on  every  occasion,  induced  the  Government  to 
grant  further  investigations,  leading  to  reports  and  recommendattons  almost 
identical  in  their  more  important  features,  but  which  passed  unheeded  by 
those  responsible  for  the  miner's  security.  The  Committee  of  the  House  of 
Lords  on  Accidents  in  Coal-mines  in  1849,  again  embodied,  in  a  Blue-book  of 
615  pages,  the  evidence  of  the  leading  engineers  from  most  of  the  mining 
districts.  The  value  of  the  investigations  made  about  this  period  was  greatly 
enhanced  by  the  reports  of  Mr.  K.  Blackwell  and  Professor  Phillips,  commis- 
sioners appointed  by  the  Secretary  of  State  to  visit  the  mines,  and  to  report 
on  the  means  of  remedying  the  defects  existing  in  them.  The  last-named 
committee  affirmed  **  that  every  witness,  without  exception,  expressed  an 
opinion  more  or  less  favourable  to  the  establishment  of  a  Government  Inspec- 
tion ;"  and  in  August  1850,  an  Act  was  passed  for  this  purpose,  which  gave  the 
right  also  to  the  Inspectors  to  examine  mines  and  serve  notices  upon  the 
owners  respecting  dangers  to  the  persons  employed.  No  power  being  granted 
for  the  remedy  of  any  of  the  evils,  the  existence  of  which  had  been  clearly 
established,  Committees  of  Parliament  were  again  occupied  with  the  question 
in  the  years  1852, 1853,  and  1854. 

To  aid  them  in  arriving  at  some  rules  of  safety  which  might  be  practically 
carried  into  effect  at  all  coal-mines,  a  meeting  took  place«  at  their  request, 
of  representatives  of  the  owners  and  managers  of  collieries  from  all  tibe 
British  coal-fields.  After  collating  the  collieiy  rules,  several  resolutions 
were  passed,  of  which  the  chief  were  that  a  code  of  rules  should  be  provided 
by  the  owner  at  each  collieiy,  for  the  guidance  of  the  manager  and  the  work- 
men ;  and  that  an  artificial  means  of  ventilation  should  be  provided  at  eveiy 
mine,  as  well  as  at  all  times  a  sufficient  current  of  air  through  the  workings, 
to  render  innocuous  all  ii^urious  gases.  On  the  recommendation  of  the 
Committee,  an  Act  was  prepared  and  finally  passed  on  the  14th  August,  1855, 
embodying  in  a  modified  form  some  of  the  suggestions  made ;  but  leaving 
the  most  material  provisions  of  safefy  to  be  framed  by  the  owner  of  each 
colliery,  under  the  name  of  Special  Bules, — ^which,  if  not  objected  to  by  tibe 
Secretary  of  State,  become  binding  on  the  managers  and  workmen.  The 
general  rules  of  tlie  Act  require  shafts  to  be  fenced,  walled  in  dangerous  parts, 
and  provided  with  signals  from  top  to  bottom ;  that  machines  used  for  raising 
or  lowering  persons  shall  be  provided  with  adequate  breaks  and  indicators  to 
show  the  position  of  tibe  bad  in  tibe  shaft;  and  that  to  each  boiler  shall  be 
attached  a  proper  steam-gauge,  water-gauge,  and  safety-valve.  The  other 
general  rule,  which  relates  to  ventilation,  is  thus  worded : — '*  An  adequate 
amount  of  ventilation  shall  be  constantiy  produced  at  all  collieries,  to  dilute 
and  render  harmless  noxious  gases,  to  such  an  extent  as  that  the  working 
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places  of  the  pits  and  levels  ci  snch  coUleiies  shall,  under  ordinary  circtim- 
stances,  be  in  a  fit  state  for  working  in."  The  Act  places  the  responsibility  of 
the  employer  in  a  clearer  light,  and  affords  him  all  the  power  which  he  re- 
quires to  enforce  the  observation  of  proper  precautions.  It  applies  only  to 
coal-mines,  which,  however,  find  employment  for  more  than  two- thirds  of 
the  mining  population ;  and  it  is  an  experiment,  the  success  of  which  will 
be  determined  at  the  end  of  the  five  years'  duration  of  the  Act,  by  the  owners 
having  reduced  the  number  of  acddents  in  the  same  degree  as  has  been 
effected  by  more  precise  rules,  and  more  frequent  supervision,  in  Continental 
mines. 

In  Belgium  a  commission,  composed  of  Government  engineers  and 
directors  of  collieries,  drew  up  an  admirable  code  of  regulations  for  the  venti- 
lation of  every  description  of  mine.  It  became  law  on  the  1st  of  March,  1850. 
It  commences  thus : — "  In  every  subterranean  working,  all  the  points  to  which 
the  workmen  can  gain  access  shall  be  rendered  healthy  and  safe  by  an  active 
and  regular  current  of  pure  air ;"  it  also  proceeds  to  require  air-ways  of  proper 
dimensions,  the  isolation  of  vitiated  currents  of  air,  the  maintenance  of 
dose  stoppings,  the  carrying  the  air  into  the  working  faces,  and  the  use  of 
double  doors.  Other  chapters  enter  iully  into  the  ascensional  ventilation, 
and  the  use  of  safety-lamps,  which  are  compulsoiy  in  every  mine  containing 
fire-damp.  It  is  remarkable  that  little  attention  has  been  paid  in  this  country 
to  ascensional  ventilation,  which,  by  GontLuental  engineers,  is  considerbd  the 
greatest  modem  improvement  in  the  safety  of  mines.  We  have  shown,  that 
by  carrying  the  air  upwards  through  the  mine  after  it  had  become  heated  in 
the  working  places,  the  ventilation  is  effected  with  the  least  expenditure  of 
power.  The  heated  or  explosive  gases  assist  rather  than  retard  the  current, 
and  cannot  accumulate.  To  caxry  the  system  out  in  its  integrity,  the  upcast 
shaft  should  be  carried  as  feir  as  possible  to  the  rise  of  the  downcast  shaft ; 
if  unavoidably  otherwise,  and  the  mine  contains  fire-damp,  the  return  air 
should  be  conducted  with  a  considerable  velocity  down  the  drift  to  the  shaft, 
and  all  nake^  lights  excluded  from  its  vicinity.  The  descent  of  air,  in  places 
which  give  off  fire-damp,  is  the  cause  of  most  of  the  dangerous  accumuktions 
of  this  gas  which  are  found  in  mines.  Most  of  the  explosions  can  be  traced 
to  these  accumulations ;  and  yet  the  manager  who  neglects  to  remove  them 
could  not  be  more  needlessly  reckless  of  the  lives  of  his  fellow-creatures,  if  he 
left  an  open  barrel  of  gunpowder  in  a  dwelling-house. 

Many  proposals  have  been  made  by  persons  unacquainted  with  the  work- 
ing of  mines,  for  drawing  off  acciunulations  of  fire-damp  from  goafs  by  means 
of  pipes,  forgetting  the  enormous  resistance  offered  to  the  passage  of  gases 
through  pipes  at  a  high  velocity,  as  well  as  the  constant  destruction  of  the  pipes 
which  would  occur  from  falls  of  the  roof,  from  creep,  and  other  causes.  The 
operation  of  maintaining  them  in  the  goafis  might  be  more  destructive  than 
the  danger  intended  to  be  remedied.  Gases  seldom  occur  in  coal-mining 
where,  by  a  little  additional  expense,  openings  cannot  be  made  along  the 
upper  side  of  these  accumulations  of  gas,  by  which  they  may  be  dispersed. 
The  special  rules  of  most  coal-mines  contain  a  provision  to  the  effect  that  all 
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aocumnlationB  of  gas  shall  be  removed  wifh  great  care  and  without  delay,  but 
in  no  case  nntil  the  men  are  out  of  danger. 

An  abundant  and  well-distributed  ventilation  does  not  necessarily  secure 
perfect  immunity  fh)m  explosion  of  fire-damp.  Jia.  extensive  settlement  of 
the  roof,  the  intersection  of  a  &ult  or  a  blower  of  gas,  may  give  off  at  any 
moment  a  sufficient  amount  to  bring  the  air  up  to  the  firing-point ;  and  the 
accidental  neglect  of  the  ventilating  power,  the  leaving  open  of  a  door,  or  the 
omission  of  the  appointed  officer  to  examine  every  working-place  before  the 
men  enter,  may  cause  the  most  disastrous  explosion. 

Complete  immunity  from  this  class  of  accidents  is  only  to  be  obtained  by 
superadding  to  good  ventilation  the  exclusiTe  use  of  properly  locked  Davy 
lamps  in  all  mines,  or  parts  of  mines,  where  fire-damp  is  liable  to  occur 
in  dangerous  quantity.  Blasting,  except  under  special  circumstances,  and 
the  passing  of  fire-damp  over  a  furnace,  are  evidently  unsafe.  Out  of  1099 
deaths  in  seven  years,  reported  by  Mr.  Blackwell,  72  occurred  from  under- 
ground fiounaces,  1020  from  naked  lights,  and  only  7  from  imperfect  safety- 
lamps  ;  the  evidence  being  very  doubtful  whether  these  last  should  not  be 
added  to  swell  the  preceding  number.  It  is  the  opinion  of  many  leading 
engineers  that  no  &tal  accident  has  ever  occurred  fipom  a  proper  Davy- lamp. 
No  higher  tribute  could  be  paid  to  human  invention,  and  no  reflection  more 
severe  on  those  who,  after  forty  years  of  trial,  reject  its  aid.  Three-fourths 
of  the  victims,  in  the  most  destructive  explosions,  perish  from  suffocation. 
To  avoid  this,  the  workings  of  the  colliery  should  be  carried  on  in  separate 
districts,  or  panels,  separated  by  a  barrier  of  coal,  which  limits  the  extent  of 
the  explosion ;  and  the  simplest  means  of  restoring  the  air-current  consists  in 
providing,  at  all  main  doors,  an  .extra  door,  ordinarily  lying  idle  against  the 
BoHd  wall,  but  which  can  be  closed  as  soon  as  the  other  doors  are  blown 
away  by  the  force  of  the  concussion. 

At  the  Cymmer  collieiy  explosion,  by  which  114  lives  were  sacrificed  in 
July  last,  the  flame  extended  900  yards ;  and  the  after-damp,  or  irrespirable 
gases,  produced  by  it,  1100  yards  from  the  accumulation  of  gas  which  pro- 
duced these  disastrous  results. 

A  large  portion  of  the  coal-mines,  as  well  as  the  metalliferous,  are,  providen- 
tially, fi-ee  from  these  drawbacks  to  mining  enterprise ;  but  in  them  a  larger 
amount  of  injury  and  loss  is  inflicted  on  the  workman  by  the  insidious  but 
certain  destroyer,  "  poor  air."  Supervision  is  nowhere  so  lax  as  in  under- 
ground operations ;  and  education  is  nowhere  more  necessaiy  in  order  to 
appreciate  and  remedy  difficulties  which  have  too  long  been  left  to  chance. 
One  is  as  important  5n  the  economical  arrangement  <5f  the  ventilation  of  a 
mine,  as  the  other  is  indispensable  to  perfect  and  maintain  it 
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CHAPTER  VII. 


HISTOBT  or  BBITI8H  METALLUBOT. 

Wb  have  no  records  of  the  state  of  the  iron  mannfactore  of  Britain  preyioos 
to  the  Christian  era;  and  for  several  centuries  subsequent  to  this  period,  it  is 
involved  in  much  obscurity.  That  the  conversion  of  iron  ore  into  malleable 
iron  was  known  to  the  ancients,  is  evident  from  the  Sacred  writings.  In  the  Old 
Testament  mention  is  frequently  made  of  this  metal ;  and  of  Tubal  Cain,  the 
seventh  direct  descendant  from  Adam,  it  is  recorded  that  he  was  *'  an  instructor 
of  eveiy  artificer  in  brass  and  iron."  This  demonstrates  that  only  a  very  brief 
period  elapsed  between  the  creation  of  the  human  species,  and  the  discovery 
of  the  art  of  &shioning  instruments  of  warfare  and  cultivation  out  of  this 
nniversally  difPiised  metal.  From  the  eastern  nations  the  art  travelled  west- 
ward, and  probably  reached  Britain  through  the  Phoenicians,  who  traded 
with  these  Islands  for  tin  at  a  very  early  period. 

At  the  date  of  the  first  Boman  invasion  under  CflBsar,  fifty-two  years  before 
the  Christian  era,  the  English  were  acquainted  with  primitive  modes  of  manu- 
fEuituring  iron,  and  had  attained  considerable  skUl  in  the  art.  Under  the  Boman 
dominion  it  appears  to  have  increased,  as  evidence  of  extensive  workings 
about  this  period  is  found  in  several  districts,  especially  in  the  western 
parts  of  Somerset,  Dorset,  Gloucester,  and  Monmouth.  With  the  abandon- 
ment of  Britain  by  the  Romans,  about  a.d.  420,  and  its  subsequent  invasion 
and  conquest  by  the  Saxons  in  455,  the  manufacture  appears  to  have  greatly- 
declined.  Occupied  in  internal  dissensions,  or  in  repelling  foreign  invasion, 
the  inhabitants  bestowed  a  lesser  portion  of  tiieir  time  on  the  cultivation  of  the 
useful  arts ;  and  the  iron  manufacture  apparently  was  limited  to  the  produc- 
tion of  instruments  of  warfSare.  In  this  state  the  iron  manu&cture  remained 
several  centuries,  with  little  amelioration. 

At  this  period,  iron  ore  was  converted  into  wrought-iron,  by  a  process 
identical  in  principle  with  that  followed  at  the  present  time  in  the  manufac- 
ture of  iron  by  several  foreign  nations.  The  broken  ore,  mixed  with  charcoal 
fiiel,  was  subjected  to  a  deoxydating  process ;  the  agglutinated  mass  resulting 
from  this  treatment  was  balled  up  and  hammered  into  what  is  denominated  a 
bloom ;  this  being  re-heated,  was  again  hammered  until  the  desired  effect  was 
obtained. 

The  discovery  of  gunpowder,  and  its  application  to  warfare  in  the  fourteenth 
century,  appears  to  have  caused,  indirectly,  a  very  great  improvement  in  the 
iron  manufacture.  Hitherto,  the  object  had  been  limited  to  the  production,  in 
small  quantities,  of  malleable  iron  made  direct  from  the  ore ;  the  requirements 
of  the  heavy  ordnance  which  soon  began  to  be  used  in  warfare,  demanded 
masses  of  iron  of  considerable  magnitude.    The  period  at  which  the  art  of 
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casting  iron  was  invented,  is  not  known.  The  first  cannon  were  composed 
partly  of  cast  and  partly  of  wrougli-iron ;  which  latter  in  their  torn  were 
supplanted  by  cannon  composed  entirely  of  cast-iron.  The  casting  of  heavy 
ordnance  gave  a  great  impetus  to  the  iron  manufacture,  and  materially  tended 
to  its  development  in  districts  where,  previously,  it  had  only  a  languishing 
existence.  This  development  was  largely  increased  by  the  rolling-mill,  one  of 
which  was  erected  in  England  by  a  foreigner.  Sussex  became  an  important 
seat  of  the  manufacture,  and  continued  to  retain  this  position  until  the  scarcity 
of  timber  threatened  to  put  a  complete  stop  to  the  numerous  furnaces  and 
forges.  The  destruction  of  tlie  forests  proceeded  with  such  unabated  rapidity, 
that  the  latter  part  of  the  sixteenth  century  witnessed  the  passing  of  Acts  of 
Parliament  restricting  the  consumption  of  wood  as  fuel,  and  defining  the  kind 
permitted  to  be  used  in  the  iron  manufacture.  This  led  to  the  stoppage  of 
many  works,  and  the  curtailment  of  the  trade  to  such  an  extent,  that  the  ex- 
portation of  iron  was  rigorously  prohibited,  lest  there  should  not  remain  a 
sufficiency  for  home  use.  For  some  reason  not  very  apparent,  the  timber  of 
Sussex,  of  the  wold  of  Kent,  and  certain  parts  of  Gloucestershire,  was  ex- 
empted firom  this  protection;  to  which  circumstance  the  present  comparative 
absence  of  timber  in  these  localities  is  attributable. 

Early  in  the  seventeeth  century  we  find  recorded  the  first  attempts  at 
smelting  with  pit-coal.  Mr.  Dudley,  of  whom  there  is  little  known  except  in 
connection  with  the  iron  manufiEu>ture,  obtained  a  patent  about  1620,  under 
which  he  proceeded  to  smelt  with  this  fuel.  His  efforts  were  attended  with 
success.  Iron  appears  to  have  been  made  in  considerable  quantities,  and  at 
cheaper  rates  than  previously.  The  entire  applicability  of  mineral  fuel  to 
smelting  having  been  practically  demonstrated  by  Mr.  Dudley's  experiments, 
tlie  proprietors  of  charcoal  furnaces  took  alarm  at  the  speedy  termination 
which  threatened  the  manufacture  by  that  process ;  and  combining  together, 
endeavoured  to  prevent  further  extension  in  the  new  direction ;  and  for  a  few 
years  they  succeeded  in  controlling  its  progress :  but  on  the  expiration  of  Mr. 
Dudley's  patent,  several  persons  embarked  in  the  smelting  of  iron  with  pit- 
coal  fuel.  Failure  for  the  most  part  continued  to  attend  their  ejSbrts,  until 
the  early  part  of  the  eighteenth  century;  when,  after  encountering  many  dis- 
appointments, and  surmounting  the  difficulties  usually  attendant  on  bold  inno- 
vations on  existing  modes,  the  manufacture  of  iron  with  pit^oal  was  per- 
mancntiy  established.  At  this  period,  also,  the  art  of  rolling  iron  into  plates 
between  steel  cylinders  came  into  use. 

During  the  second  half  of  the  eighteenth  century,  (lie  iron  manufsMiture 
remained  in  a  transition  state.  Charcoal  was  gradually  being  discontinued 
as  a  smelting  fiiel,  its  place  being  supplied  by  coke.  Districts  hitherto  cele- 
brated for  their  numerous  forges  and  furnaces  lost  their  importance  with  the 
exliaustion  of  the  forests;  and  dwindled  into  comparative  insignificance, 
wliile  the  manufacturers  transferred  their  skill  to  localities  favoured  with  an 
abundant  supply  of  cheap  coal.  Smelting  furnaces  were  rapidly  constructed 
on  the  skirts  of  such  of  the  coal-fields  as  appeared  to  offer  a  continuous 
supply  of  these  great  elements  of  success — good  fuel,  oro,  and  flux ;  for  it 
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was  soon  found  that  the  clay  iron-stone  was  in  most  instances  contignons  to 
the  coal-fields.  The  iron  industry  of  the  kingdom  concentrated  itself  around 
the  hills  of  Gloucester,  Monmouth,  Glamorgan,  Salop,  Worcester,  and  the 
west  Jot  Scotland ;  and  spots  hitherto  nearly  uninhabited,  being  found  to  con- 
tain the  elements  of  boundless  wealth,  and  prosperity,  in  their  coal-fields  sjid 
accompanying  ores,  became  crowded  and  populous  districts. 

The  in-wntion  of  the  steam-engine,  and  its  subsequent  adaptation  to  the 
wants  of  the  iron-smelter,  led  to  other  important  improvements.  Hitherto 
the  manufacture  of  iron  could  only  be  carried  on  with  profit  by  the  assistance 
of  water-power,  to  set  in  motion  the  wooden  bellows  used  in  the  blast  furnaces, 
or  in  working  the  small  cylinders  for  compressing  air  which  subsequently 
took  their  place.  This  necessity  of  water-power  resulted  in  the  establishment 
of  many  of  the  furnaces  in  localities  at  too  great  a  distance  from  the  minerals 
for  obtaining  the  necessary  supply  of  ore  cheaply.  The  mountain  streams 
also  thus  turned  to  account  were  liable  to  frequent  changes  of  volume ;  the 
manufactiure  was  thus  extremely  precarious,  depending  entirely  upon  the 
state  of  the  streams.  "With  the  application  of  steam  for  working  the  blowing 
apparatus,  however,  the  manufecture  steadily  progressed.  Iron  cylinders,  at 
first  of  small  diameter,  were  introduced,  and  finally  supplanted  altogether 
the  old  wooden  apparatus  in  England.  In  some  of  the  more  remote  American 
States,  machinery  of  this  primitive  construction  is  still  very  common ;  while 
in  otliers,  the  inventive  genius  of  tlie  people  has  introduced  contrivances 
equal  to  our  own.  It  was  soon  found  that  by  proportioning  the  relative 
capacities  of  the  two  cylinders  of  tlie  engine,  tlie  quantity  and  density  of  the 
blast  could  be  increased  to  any  desired  amount  The  effect  of  this  was  seen 
in  the  augmented  produce  of  the  blast-furnaces  then  at  work.  In  the 
beginning  of  the  eighteenth  century,  some  of  the  pit-coal  furnaces  made  six 
or  seven  tons  per  week, — ^a  quantity  which  was  increased  after  the  discovery 
of  steam-power  to  twenty,  and  in  some  instances  to  so  large  a  quantity  as 
forty-five  tons,  in  a  single  week. 

This  period  of  the  manufacture  is  distinguished  also  for  the  invention  of 
puddling  cast-iron,  to  which  the  world  is  indebted  to  the  late  Mr.  Cort.  By 
the  adoption  of  this  process,  the  conversion  of  tlie  iron  into  malleable  bars 
was  efi'ected  with  less  waste  of  material  and  at  smaller  expense  than  pre- 
viously. The  application  of  grooved  rollers — also  tlie  invention  of  Mr.  Cort — 
to  rolling  the  iron,  previously  subjected  to  the  puddling  process,  advanced 
the  manufacture  another  step. 

The  first  twenty-five  years  of  this  century  produced  no  great  improve- 
ments in  the  iron  manufacture.  The  first  ten  or  twelve  years  were  years  of 
unusual  prosperity ;  manufacturers  obtained  prices  for  their  iron  higher  by 
several  pounds  per  ton  than  has  since  been  realized.  •  Years  of  great  pros- 
perity are  commonly  barren  of  important  inventions,  keen  competition  and 
low  prices  being,  apparently,  required  to  stimulate  invention.  Minor  improve- 
ments were  made  in  the  processes  of  puddling  and  rolling ;  but  the  system  of 
smelting  remained  nearly  in  the  condition  it  so  suddenly  attained,  consequent 
on  the  application  of  steam  to  propelling  the  blowing-engines.    The  water- 
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regulator,  for  equalizing  the  pressure  of  the  blast  in  the  intervals  between 
the  strokes,  was,  however,  finally  abandoned  at  this  period ;  the  moisture 
conveyed  from  its  surfieu)e  into  the  furnace  being  found  infinitely  more  inju- 
rious than  the  small  irregulaiity  in  the  stream  of  blast  which  it  was  intended 
to  regulate.  More  powerfiil  engines  were  constructed  and  larger  furnaces 
built,  by  which  means  the  produce  of  the  furnaces  was  largely  augmented, 
especially  in  the  South  Wales  district.  In  the  district  next  in  importance, 
namely,  Staffordshire,  the  increase  was  much  smaller ;  while  the  furnaces  of 
Scotland  remained  nearly  stationaiy  as  to  prodnce  and  arrangements. 

In  the  second  twenty- five  years  of  the  century,  the  accidental  discovery 
of  the  hot  blast  by  Mr.  Neilson,  and  its  subsequent  application  to  the  Scotch 
furnaces,  placed  these  nearly  on  a  level  with  the  more  southern  districts. 
The  force  of  example  also  induced  other  proprietors  to  follow  the  improved 
Welsh  models,  with  a  corresponding  economy  of  fueL  An  accidental  dis- 
covery made  a  few  years  subsequently  also  led  to  the  adoption  of  an  improved 
model  of  funxaoe,  by  which  raw  coal  could  be  advantageously  substituted  for 
coked  coaL  No  sooner,  however,  was  this  improvement  in  the  form  of  the 
furnace  adopted,  than  it  was  ascertained  that  the  advantages  resulting  from 
the  use  of  the  hot  blast  had  become  less  apparent ;  nevei-theless,  this  invention 
forms  a  link  in  the  histoiy  of  the  Scotch  iron  trade.  The  low  percentage  of 
the  Scotch  earthy  carbonates  led  to  trials  of  a  carbonaceous  ore  previously 
considered  worthless,  and  a  very  few  years  later  this  mineral  formed  the  chief 
ore  supplied  to  the  blast-furnaces  of  Scotland;  while  its  fusible  character, 
and  the  facility  with  which  crude  pig-iron  could  be  smelted  from  it,  caused  a 
sudden  augmentation  of  the  trade  to  five  or  six  times  its  former  magnitude. 

The  rapid  development  of  the  raUway  system  at  this  period  produced  its 
natural  result  on  the  iron  manufistcture,  forcing  up  prices  to  higher  rates  than 
had  prevailed  for  thirty  years.  New  works  started  into  existence  in  every 
direction,  while  old  ones  were  enlarged ;  and  such  was  the  activity  displayed, 
that  in  five  or  she  years  the  annual  production  of  iron  was  nearly  doubled. 
A  temporary  cessation  of  railway  works,  a  feij  years  back,  resulted  in  great 
depression ;  but  the  low  prices  which  ensued  were  ultimately  beneficial,  inas- 
much as  they  placed  iron  in  advantageous  competition  with  wood  for  ship- 
building, witii  stone  and  timber  in  bridge  and  house-building,  and  generally 
with  all  other  constructive  materials;  while  the  direct  progress  of  Conti- 
nental, American,  and  Indian  railways,  has  helped  to  keep  up  the  interests 
engaged  in  this  important  manufiicture. 

For  many  years  attempts  had  been  made  to  smelt  with  antiiradte  coal,  of 
which  South  Wales  contains  a  large  quantity,  but  unsuccessfully.  Iron  had 
been  made  in  Pennsylvania  with  this  fuel,  and  elaborate  experiments  with  a 
view  to  its  adoption  had  been  conducted  in  France,  without  leading  to  any 
commercial  result.  Mr.  Crane  eventually  succeeded,  after  several  fedlures,  in 
smelting  with  this  coal;  but  through  inattention  to  the  principles  which 
should  guide  the  smelter  in  its  use,  anthracite  has  never  made  progress  in  this 
country,  although  its  close  resemblance  in  construction  to  charcoal  renders  it 
80  valuable,  as  we  shall  see  in  other  countries ;  the  consequence  is,  that  at  this 
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day  a  majority  of  the  fomaces  erected  for  its  use  hare  retained,  in  part  or 
vhoUy,  to  coke  of  bituminous  coal. 

The  high  prices  of  iron  consequent  on  the  railway  excitements  of  1836 
and  1845,  led  to  the  mining  on  an  extensiye  scale  of  the  ores  of  Lancashire, 
Cumberland,  Cornwall,  North  Wales,  Bean  Forest,  and  other  localities,  for 
nse  in  the  South  Wales  and  South  Staffordshire  furnaces ;  and  an  extensive 
trade  sprang  up  in  these  districts,  which  subsequent  years  have  greatly 
enlarged.  Sereral  minor  improYements  and  alterations  in  the  manufacture 
were  also  perfected,  which  gave  increased  facilities  to  its  progress ;  running 
the  iron  into  the  refining  furnace — ^refining  in  reverberatoiy  furnaces,  sub- 
fieqnently  improved  to  working  the  molten  iron  direct  from  tike  smelting  fur- 
nace— running  the  refined  iron  into  the  puddling  fiimace — straightening  bars 
by  machinery — squeezing  instead  of  hammering  the  puddle  blooms — the  use 
of  drculax  saws  for  cropping  the  ends,  and  several  other  modifications  of 
scarcely  less  note,  may  be  reckoned  among  these  improvements.  The  pro- 
duce of  many  of  the  blast  furnaces  of  Scotiand,  Staffordshire,  and  South 
Wales,  was  also  increased  to  an  average  of  nearly  100  tons  weekly ;  while  in 
a  few  instances  nearly  twice  this  quantity  has  been  obtained. 

The  half  dozen  years  of  the  third  period  of  the  century  are  chiefly  remark- 
able for  the  attention  paid  to  the  oolitic  ores  of  the  Northern  and  Midland 
counties.  Several  works  have  been  erected  in  their  vicinity;  and  it  is  antici- 
pated that  in  a  few  years  a  large  proportion  of  the  iron  for  castings,  and  otiier 
purposes,  will  be  derived  from  the  new  districts.  Mr.  Warrington  Smyth,  in 
his  recent  survey  of  the  mining  fields  of  the  Nortii  and  Midland  districts, 
states  tiie  number  of  furnaces  in  blast  to  be  as  follows : — ^Northumberland, 
Durham,  Yorkshire,  Cleveland,  Lancashire,  and  Derbyshire,  125 ;  represent- 
ing, in  plant  and  buildings  alone,  a  capital  of  half  a  million  sterling. 

HISTOBICAL  REMARKS  ON  COPPER  MINING. 

Copper  is  one  of  the  metals  known  to  the  ancients,  though  it  is  not  certain 
that  the  metal  mentioned  in  tiie  Book  of  Moses  was  the  same  as  tlie  pure 
copper  of  modem  times.  For  a  long  period  in  the  history  of  the  world,  tiiis 
metal  appeai-s  to  have  been  used  as  the  chief  ingredient  in  an  alloy  in  which 
tin  played  a  secondary  part.  This  aUoy — melting  at  a  lower  temperature 
than  pure  copper— was  also  capable  of  being  worked  with  greater  facility 
than  iron :  in  consequence,  it  was  very  generally  used  for  instruments  of  war- 
fare, of  agriculture,  and  of  art,  by  nations  of  antiquity.  By  attention  to  the 
relative  proportions  of  the  ingredients,  tlie  qualities  of  hardness,  temper,  and 
elasticity,  seem  to  have  been  controlled  to  an  extent  seldom  attained  in  any 
modem  alloy  of  tin  and  copper. 

The  historical  records  of  this  metal  are  even  more  scanty  in  tlie  ancient 
writings  than  are  those  concerning  iron.  The  earliest  copper  mines  on  a 
large  scale  of  which  we  read,  appear  to  have  been  worked  by  Greeks  in  tiie 
island  of  Cyprus ;  whence  it  is  probable  the  name  copper,  in  Greek  icvrpoy. 
The  quantities  wrought  so  far  back  as  700  b.c.  must  have  been  considerable, 
as  in  the  succeeding  centuries  the  formation  of  bronze  statues  was  very 
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proTalent.  Rhodes,  Delphi,  and  Athens,  appear  to  have  contained  seyeral 
thousand,  varying  in  weight  from  a  few  hundredweights,  to  dimensions  ex- 
ceeding those  of  anymodern  casting. 

From  the  hreaking  up  of  the  Bomaji  Empire  to  the  commencement  of  the 
thirteenth  century,  we  aore  without  any  authentic  account  of  the  progress  made 
in  working  tins  metal.  There  is  every  reason  for  believing  that,  in  these  the 
dark  ages  of  metallurgical  science,  the  arts  of  copper-mining  and  smelting 
were  well-nigh  extinguished,  and  that  the  requirements  of  warfare  were  sup- 
plied by  melting  down  the  statuary  bronze  of  the  Komans  and  Greeks.  In 
England,  the  earliest  reference  to  copper  mines  dates  from  the  middle  of  the 
twelfth  century ;  when  a  patent  was  granted  for  working  certain  mines  in 
Cumberland.  In  the  four  succeeding  centuries,  the  production  of  copper  was 
encouraged  by  bounties,  and  the  exportation  of  the  metal  proliibited  under 
severe  penalties.  This  is  indirect  evidence  of  a  comparative  scarcity  of 
copper ;  a  result  probably  of  the  increased  attention  paid  to  the  working  of 
iron,  when  it  had  advanced  so  fax  as  to  produce  ordnance,  as  well  as  goods  of 
wrought-iron  and  steel.  However  that  may  be,  about  the  end  of  the  seventeenth 
'  century  we  find  the  Cornish  mines  producing  small  quantities  of  ore,  wliich 
was  bought  up  by  smelters  from  Bristol  and  adjacent  places.  The  produc- 
tion appears  to  have  been  under  1000  tons  per  annum ;  and  any  veiy  large 
increase  was  prevented  by  difficulties  attendant  on  the  drainage  of  the  mines 
after  a  few  fathoms'  depth  had  been  attained.  For  many  years  the  production 
remained  nearly  stationary;  the  average  produce  in  1780  fedUng  within 
2400  tons ;  from  this  period  of  inactivity,  however,  it  rapidly  increased,  and 
we  find  the  produce  nearly  60,000  tons  at  tlie  end  of  the  century. 

This  remarkable  increase  was  consequent  on  the  greater  depth  to  which 
the  mines  were  prosecuted  when  available  drainage  power  was  discovered. 
In  the  seventeenth  century,  attempts  had  been  made  to  use  steam  for  tliis 
purpose  \  but  it  was  not  till  the  beginning  of  the  eighteenth  that  steam-engines 
were  adapted  successfully  to  mining  operations.  The  pressure  of  the  atmos- 
phere, obtained  by  creating  a  vacuum  under  the  piston,  was  the  power  first 
used  in  the  Cornish  engines ;  and  t]\e  most  succes^ul  on  this  principle  appear 
to  have  been  devised  by  Newcomen.  Imperfect  as  these  engiaes  confessedly 
were,  it  is  not  too  much  to  say  that  their  imperfection  arose  as  much  from 
the  comparatively  rude  condition  of  manufacturing  engineering  at  the  period, 
as  from  defective  principle.  However  that  may  be,  with  the  aid  of  New- 
comen's  engines,  mining  was  prosecuted  for  many  years,  and  the  production  of 
copper  rose  from  2400  to  80,000  tons  annually.  At  a  later  period,  Smeaton 
improved  this  form  of  engine,  and  erected  one  with  a  cylinder  seventy-two 
inches  in  diameter  for  draining  one  of  the  Cornish  copper-mines.  The  dis- 
covery by  Watt  of  the  principle  of  condensation  in  a  vessel  separate  from 
the  working  cyUnder,  16d  to  a  great  economy  of  facl,  and  thus  enabled  com- 
paratively poor  mines  to  be  worked  with  profit.  Homblower  improved  on 
Watt's  engines  by  using  the  steam  expansively ;  and  a  few  years  afterwards, 
Trevethick  introduced  high-pressure  steam.  The  inventions  of  these  two 
mining  engineers  were  rapidly  adopted;  and  in  twenty-five  or  thirty  years  the 
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oouBiimption  of  fael — the  most  costly  item  in  drainage — was  reduced  to  one- 
fourth  of  its  previous  amount. 

With  the  reduced  cost  of  draining  mines  by  high-pressure,  expansive,  and 
oandensing  engines,  machinery  has  been  applied  to  some  other  operations. 
The  adoption  of  the  crushing-mill,  tram-road,  machine-wrought  ore- cleaning 
apparatus,  and  inventions  of  lesser  note,  has  resulted  in  a  corresponding 
large  saving  of  manual  labour. 

The  nineteenth  century  has  witnessed  a  Airther  remarkable  increase  in 
the  production  of  copper.  Devon  has  contributed  largely  to  the  general  stock , 
while  Wioklow  in  Ireland,  and  Anglesey  in  Wales,  have  produced  large  quan- 
tities of  ore,  in  conjunction  with  minor  districts;  raising  the  gross  produce  of 
Britain  to  more  than  200,000  tons.  Discoveries  were  made  of  large  deposits 
on  Lake  Superior,  and  other  districts  of  America,  such  as  New  England,  New 
Jersey,  Pennsylvania,  Oregon,  and  North  Carolina,  where  it  is  found  native.  In 
the  cuff  Mine  on  Lake  Superior,  masses  of  iron  have  been  found,  weighing 
ei^ty  tons,  in  the  trap  or  sandstone  rock.  It  is  also  found  in  the  island  of 
Cuba,  in  the  Chilian  provinces  of  South  America,  and,  still  more  recently, 
valuablemineshavebeenfoundinSouth  Australia,  which  have  tended  to  supply 
the  increased  demand  for  the  metal,  resulting  from  the  advance  of  engineering 
and  the  arts.  Much  of  the  colonial  ore  is  reduced  near  the  mines,  and  conse- 
quently does  not  appear  in  the  home  trade.  The  same  may  be  said  of  ihe 
Norwegian,  Saxon,  German,  Hungarian,  and  other  foreign  ores,  which  are 
only  mined  in  small  quantities.  It  is  in  England,  however,  that  the  greatest 
copper  manufactories  are  established;  and  however  rude  and  antiquated 
many  of  the  processes  stiU  pursued  at  home  may  be,  foreign  manufactured 
copper  is  still  less  valuable  than  English. 

Lead. — Lead  is  one  of  the  metals  known  to  the  ancients,  being  mentioned 
in  the  Books  of  Moses.  For  a  very  long  period,  however,  the  production  of 
this  metal  must  have  been  small,  and  we  have  no  authentic  records  of  the 
progress  made  in  its  manufacture  previous  to  the  Christian  era.  It  seems 
highly  probable  that  the  Eastern  nations  obtained  their  principal  supply  from 
Spahi  and  Britain,  along  with  the  more  valuable  metal  tin;  as  explorations^ 
bearing  evident  traces  of  great  antiquity,  have  been  discovered  on  lead  veins 
in  Wales,  Derbyshire,  and  Northumberland.  Lead  mines  abound  to  a 
limited  extent  in  France,  Bohemia,  Saxony,  and  other  parts  of  Europe ;  but 
in  the  majority  of  these  countries  the  prosecution  of  lead  mining  is  a  modem 
branch  of  industry  of  very  limited  extent.  In  England,  ihe  most  productive 
mines  are  in  Durham  and  Northumberland;  Cardiganshire,  Derbyshire. 
Yorkshire,  and  Cornwall,  produce  considerable  quantities  of  lead.  At  the 
commencement  of  the  present  centozy,  the  production  in  this  country  scarcely 
averaged  10,000  tons  annually ;  but  at  the  present  time,  several  minor  districts 
contribute,  along  with  Scotiand,  Ireland,  and  the  Isle  of  Man,  to  produce 
annually  a  supply  of  nearly  100,000  tons  of  lead  ore,  or  of  78,000  tons  of 
metallic  lead. 

The  large  increase  which  has  taken  place  is  referable  to  circumstance£ 
similar  to  those  which  influenced  the  progressive  increase  in  the  copper 
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trade ;  aach  as  improved  mining  machinery,  rendering  the  prosecatioiL  of 
deep  mines  profitable,  the  adoption  of  roller  grinding  mills,  stamping  mills, 
and  machine-wrought  washing  apparatus,  resulting  in  greater  economy  iu 
the  dressing  of  the  ores.  Every  reduction  of  cost  in  dressing  has  given  an 
impetus  to  the  exploration  of  veins  previously  considered  too  poor  to  bear 
the  attendant  high  dressing  charges.  The  most  important  modem  invention 
connected  with  this  metal  is  the  de-silvering  process  of  Pattinson ;  by  which 
the  silver,  commonly  found  to  the  extent  of  three  to  thirty  ounces  per  ton  of 
lead  ore,  is  extracted  in  an  inexpensive  maimer.  By  this  de-silvering  pro- 
cess, more  than  500,000  ounces  of  silver  are  annually  obtained  from  British 
lead  ores. 

The  produce  of  lead  in  Great  Britain  amounts  to  fully  two-thirds  of  tho 
produce  of  Europe.  Spain  stands  second,  producing  about  one-third  aa 
much :  imited,  the  production  of  these  two  states  is  equal  to  seven-eighths 
of  the  European  produce.  The  lead  deposits  of  the  United  States  extend 
upwards  of  three  thousand  square  imles  in  the  States  of  Missouri,  Illinois, 
Wisconsin,  Oregon,  North  Carolina,  and  California.  A  few  years  since, 
the  western  states  of  North  America  produced  large  quantities  of  lead — as 
much  as  40,000,000  of  pounds  have  been  produced  in  1851 ;  but  the  deposits 
opened  out,  it  is  said,  have  not  continued  equally  productive  in  depth ;  and 
their  present  comparative  poverty  is  demonstrated  by  the  laxge  importations 
of  British  lead  into  these  states. 

Zino. — ^This  metal  was  first  obtained  in  a  metallic  state  early  in  the 
sixteenth  century ;  but  for  a  long  period  subsequent  to  its  discovery,  the  pro- 
duction of  metallic  zinc  as  one  of  the  useful  metals  remained  in  abeyance. 
Calamine,  a  carbonate  of  the  metal,  was  employed  in  the  crude  state  for  alloy- 
ing copper  in  the  production  of  brass.  Although  we  have  no  evidence  to 
show  that  the  ancients  were  acquainted  with  any  process  for  manufacturing  zinc, 
Pliny  mentions  the  use  of  calamine  in  the  manufSeusture  of  brass ;  and  modem 
analysis  of  ancient  alloys,  indicates  the  presence  of  zinc.  The  great  afiinity 
of  zinc  for  oxygen  at  low  red  heat,  prevented  an  earlier  acquaintance  with  it 
in  an  isolated  form,  and  rendered  its  production,  relatively  to  the  cost  of  the 
ore,  a  comparatively  expensive  process.  When  its  properties  became  better 
understood,  the  manufietcture  of  metallic  zinc  rapidly  extended.  By  carefully 
regulating  the  temperature  employed,  it  was  discovered  that  sheets,  tubes, 
and  useful  alloys  could  be  made  with  this  metal,  instead  of  the  costlier  metal, 
tin.  The  discovery  of  this  single  property  alone,  resulted  in  the  adoption  of 
zinc  in  arts  and  manufiictures  to  a  large  extent ;  while  its  comparative  non- 
liability to  oxydation  at  low  temperatures  has  caused  it  to  be  used  as  a  pro- 
tection to  iron  when  exposed  to  atmospherical  influences. 

The  production  of  zinc  in  England  is  not  considerable — probably  under 
8000  tons  annually.  Germany  and  Belgium  produce  large  quantities,  and 
principally  supply  the  growing  demand  for  this  metal.  So  great,  however,  is 
its  affinity  for  oxygen  during  its  reduction  to  metal,  that,  with  the  most  im- 
proved plans  yet  adopted,  a  loss  of  one-third  to  one-fourth  of  the  metal  in  tho 
ore  attends  the  operations  of  the  most  skilful  metallurgist 
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r. — ^This  metal  was  first  obtained  in  the  metallio  state  about  the 
end  of  the  fifteenth  centoxy,  since  which  period  it  has  continued  a  usefiil 
metal  for  alloying  with  others  in  the  production  of  soft-metal  goods,  and  in 
medicine.  Engluid  contains  small  quantities  of  antimony  ore,  principally 
alloyed  with  other  substances;  the  continental  mines  also  yield  small 
quantities ;  but  the  principal  supply  of  late  years  has  been  derived  from  the 
Island  of  Borneo. 

Tin. — ^This  metal  appears  to  have  been  known  from  the  earliest  period  of 
history :  the  mention  of  brass  in  (Genesis,  leads  to  the  inference  that  the  more 
fusible  ingredient  of  this  alloy  was  well  known  to  the  ancients.  At  first  the 
trade  in  this  metal  was  in  the  hands  of  the  eastern  nations ;  though  the 
existence  of  productive  mines  in  the  east,  other  than  those  in  the  Malayan 
peninsula,  is  not  known  to  modem  Orientals.  The  Phoenicians  traded  to 
Spain  for  this  metal,  and  subsequently  to  Cornwall.  In  the  latter  country  the 
traditionary  accounts  handed  down  are  found  strictiy  in  accordance  with  the 
discoveries  of  modem  antiquarians,  which  seem  to  leave  no  room  for  doubting 
that  a  commerce  iu  this  metal  from  Britain  to  the  East  was  earned  on  at  a 
very  remote  period. 

The  tin  mines  of  the  Malayan  peninsula  have  yielded  large  quantities,  and 
bear  evidence  of  great  antiquity.  Early  m  the  last  century  the  occurrence  of 
rich  deposits  in  the  Island  of  Banca,  in  the  acyoining  archipelago,  was  made 
known.  For  several  years  this  island  yielded  large  quantities  of  tin  with  such 
facility,  that  British  mines  became  depressed  in  consequence.  At  the  present 
time,  however,  the  yield  of  Banca  has  greatiy  diminished,  and  the  major 
part  of  the  tin  of  commerce  is  derived  from  Cornwall.  Spain,  Saxony,  France, 
Chili,  Australia,  and  a  few  other  localities,  produce  very  inconsiderable 
quantities. 

The  eariiest  Cornish  mines  were  merely  superficial  excavations  in  the 
beds  of  ancient  rivers  and  creeks,  containing  tin-bearing  gravel  and  sand. 
Simple  washing  apparatus  constituted  nearly  the  sole  appliances  employed. 
With  the  exhaustion  of  the  tin  streams,  attention  was  paid  to  tin-bearing 
rocks,  which  required  machinery  for  their  pulverization.  This  was  supplied 
by  the  stampiDg-milL  At  what  date  mills  of  this  description  were  applied  to 
tin-dressing  is  not  certain.  From  their  first  application,  however,  they  have 
continued  to  be  the  most  efficient  instruments  devised  for  this  purpose. 
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CHAPTER  Vm. 

IRON   ORES  AND  THEIR  CONYERSION. 

Zvoa. — ^Iron  is  the  most  abundant  and  nniversallj  disseminated  of  the 
useful  metals.  It  exists  to  a  less  or  greater  extent  in  a  majority  of  the  rocks 
of  the  globe  witli  which  we  are  acquainted ;  and  enters  largely  into  the  com- 
position of  soils,  imparting  to  them  peculiarly  valuable  properties.  From  soils 
it  is  absorbed  by  vegetable  structures  of  every  description ;  it  exists  in  the 
sea-water,  and  in  springs  generally ;  audit  is  found  as  one  of  the  constituents 
of  the  human  system.  The  quantity  of  iron  thus  distributed  through  nature 
is  beyond  all  calculation. 

Iron  has  rarely  been  found  in  a  native  state.  The  nearest  approach  to 
this  state  is  exhibited  by  masses  of  meteoric  origin,  in  which  tlie  per-centago 
of  iron  varies  &om  85  to  00 ;  the  remainder  being  composed  principally  of 
nickel  and  cobalt.  It  is  stated  that  a  lamina  of  native  iron  was  found  at 
Ganaau  in  Connecticut,  U.S.,  attached  to  a  mass  of  mica-slate  rock;  and 
also  in  Europe,  but  only  in  small  quantities,  too  small  to  be  of  any  value.  So 
great  is  the  affinity  of  iron  for  other  substances,  that  absolutely  pure  iron  can 
only  be  obtained  by  the  chemist  in  small  quantities  and  with  great  difficulty 
by  reducing  pure  oxide  of  iron  in  a  glass  tube,  by  means  of  hydrogen  or  by 
the  galvano-plastic  process. 

The  purest  iron  of  commerce  contains  minute  quantities  of  other  sub- 
stances ;  in  fact,  pure  iron  would  not  servo  the  uses  to  which  iron  is  com- 
monly applied.  The  purest  iron  presents  a  white  silvery  fracture,  of  an 
agreeable,  soft,  and  brilliant  lustre ;  it  assumes  a  high  polish  when  rubbed 
with  a  highly  polished  substance,  but  is  easily  tarnished,  has  a  great  affinity 
for  oxygen,  and  is  rapidly  dissolved  in  acids.  Alkalies,  in  every  form,  pro- 
tect it  from  corrosion.  The  specific  gravity  of  iron  is  7' 78;  it  is  the  most 
tenacious  of  all  the  metals ;  very  soft  in  its  purest  state,  but  becoming  ex- 
tremely hard  when  alloyed  with  otlier  metals,  or  with  substances  which  com- 
bine chemically  with  it.  It  is  singularly  affected  by  magnetic  currents^ 
imparts  a  disagreeable  taste  when  apphed  to  the  tongue,  and  emits  an  offensive 
smell  when  strongly  rubbed. 

The  best  varieties  of  bar-iron  exhibit  a  slightly  bluish  tinge,  and  a  porous 
fracture,  and  are  rapidly  oxidized  by  exposure  to  the  atmosphere. 

For  manufacturing  purposes  the  supply  of  iron  is  derived  from  the  most 
prevalent  of  its  ores.  Those  minerals  which  contain  at  least  twenty  per  cent 
of  metal  are  usually  considered  ores ;  if  they  contain  less,  they  are  denomi- 
nated fluxes.  The  ores  of  iron  are  found  in  nearly  every  large  district,  either 
as  beds  in  the  sedimentary  rocks,  or  as  veins  and  massive  deposits  in  the 
older  rocks ;  in  which  position  the  most  valuable  ores  are  obtained.    Occa- 
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sionally  the  deposits  are  immense,  partaking  of  the  character  of  mountains, 
as  in  the  case  of  the  GeUiyara  Mountain  in  Sweden,  the  Iron  Mountain  of 
Missouri,  and  the  Island  of  Elba :  from  the  latter  source  ores  have  been 
worked  from  time  immemorial. 

Cla—Weatton  of  Oies. — ^Iron  ores  have  been  variouslj  arxBnged  by  dif- 
ferent writers.  TheTaried  composition  of  the  ores;  their  different  degrees 
of  richness ;  their  geological  position,  and  the  comparatiye  i^Uity,  or  other- 
wise, with  which  they  were  converted  into  crude  cast-iron,  have  severally 
furnished  data  for  their  classificatiaii  into  separate  systems.  Inasmuch  as  the 
study  of  geology  now  forms  part  of  the  course  of  instruction  in  elementary 
science,  and  its  principles  are  pretty  generally  understood ;  it  is  thought  that 
a  geological  classification  of  the  ores  will  be  the  simplest  and  most  useful 
arrangement  for  the  student  and  general  reader.  In  pursuance  of  Uus  plan, 
the  ferruginous  products  of  the  several  formations  will  be  described  in  a 
descending  series. 

Iron  Ores  of  the  AUuvian  and  Diluvian  Periods, 

In  the  superficial  accumulations  of  decomposed  vegetable  and  animal  mat- 
ter composing  soils,  ia  deposits  of  sand,  gravel,  and  clay,  formed  by  the  action 
of  water,  iron  exists  in  varying  proportions  up  to  six  per  cent,  by  weight  of 
the  mass.  There  has  not  been  discovered  in  Uus  system  any  concentration 
of  the  ferruginous  matter  into  beds  or  other  deposits  of  a  richness  superior  to 
that  of  the  adjacent  mass.  Boulders  of  the  older  rocks,  moved  by  the  action 
of  water  and  ice  drift,  are  frequently  found  to  yield  a  higher  per-centage  of 
iron,  though  possessing  no  commercial  value.  In  the  North  American  and 
some  other  states,  magnetic  iron-sand  frequently  accompanies  the  drift  at  the 
foot  of  mountain  ranges.  Bog-iron  ores,  also,  in  small  quantities,  very  fre- 
quently accompany  accumulation  of  drift  under  similar  circumstances. 

TJte  Tertiary  Formation. 

These  geological  strata  are  characterized  by  a  similar  barrenness  of  iron 
ores.  The  crag,  fresh-water,  and  marine  beds,  consisting  of  gravel,  marls, 
clays,  impure  limestones,  &c.,  contain  a  small  admixture  of  iron ;  but  present 
no  indications  of  rich  deposits  of  the  metal.  In  the  United  States  extensive 
dei)osits  of  haematite  have  been  referred  to  the  tertiaiy  formation ;  a  more 
critical  examination,  however,  points  to  much  older  formations  as  their  cor- 
rect location. 

Secondary  Formation. 

In  this  formation  the  most  abundant  deposits  of  iron  ore  are  found  to 
exist.  Descending  to  the  chalk  system,  the  beds  of  ferruginous  sands,  with 
which  this  system  aboxmds,  are  found  covering  a  large  area.  They  form  the 
uppermost  deposits  of  iron  ore ;  but  owing  to  their  comparatively  low  yield  of 
iron,  have  never  been  extensively  wrought. 
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The  Wealden  Group. 

This  formation  contains  numerous  beds  of  ore,  similar  in  their  general 
character  to  those  perrading  the  lower  chalk  measures,  but  superior  in  the 
yield  of  iron.  In  England  the  ores  of  this  system,  as  deyeloped  in  the  south 
and  south-western  counties,  principally  supplied  the  formerly  extensive  range 
of  works  which  were  carried  on  in  Hampshire  and  Sussex,  so  long  as  the 
adjacent  forests  afforded  the  requisite  fuel  for  smelting.  The  ores  of  this 
formation  formerly  quarried  near  Devizes,  in  Wiltshire,  appear  to  have  been 
of  a  comparatively  rich  description,  and  were  in  much  demand  for  smelting. 
In  the  Isle  of  Wight,  in  Lincolnshire,  and  the  wolds  of  Yorkshire,  this 
formation,  and  its  attendant  beds  of  ore,  cover  an  extensive  area  of  ground. 
On  the  Continent  the  ores  of  this  group  and  of  the  green-sand  formation  are 
worked  to  a  considerable  extent ;  especially  in  France. 

As  a  class,  the  ores  of  this  formation  yield  a  low  per-centage  of  iron,  and 
at  the  present  day  are  nearly  neglected.  Situated  at  a  distance  from  any 
known  range  of  coal-fields,  their  use  at  existing  works  involves  an  expensive 
transit ;  this,  combined  with  their  general  leanness,  acts  as  an  effectual  barrier 
to  their  extensive  use.  The  average  of  a  number  of  specimens  from  Hamp- 
shire gave  twenty-six  as  the  per-centage  of  iron  contained  in  these  ores. 

Below  the  Wealden  group  are  found  those  beds  of  oolitic  iron-ore  which 
have  of  late  been  extensively  worked  in  Northamptonshire,  and  the  Cleveland 
district  of  North  Yorkshire.  Occurring  in  beds  of  considerable  thickness 
(ranging  from  a  few  inches  to  twenty  feet  and  upwards),  and  frequentiy  con- 
taining a  large  per-centago  of  iron,  these  ores,  though  very  similar  in  their 
chemical  character  to  the  ores  of  the  Wealden  group,  have  rapidly  attained  to 
commercial  importance 

The  composition  of  the  ores  in  the  Cleveland  district  is  displayed  in  the 
accompanying  analysis  from  the  Memoirs  of  the  Greological  Survey  :?— 

Protoxide  of  iron 39*92 

Peroxide 8-63 

Protoxide  of  manganese '95 

AluTniTift 7'96 

Lime 7*44 

Magnesia 382 

Potash -27 

Carbonic  acid 22'65 

Phosphoric  acid 1*86 

Silica 8*62 

Bisulphide  of  iron 'II 

Water  in  combination 2*97 

Organic  matter  and  sulphuric  acid.    .  traces 

Titanic  acid '98 

100-41 
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Ill     . 

.       7-53 

1-32     . 

1-74 
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1-60 

1-24    . 

8-27 
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The  extent  of  this  description  of  ore  is  not  yet  accnrately  defined.  It  has 
been  found  in  seyeral  places  in  NorthamptonfJiire,  lincolnahire,  and  south* 
wards  in  Oxfordshire,  Butland  and  Dorset,  northwards  into  Yorkshire ;  and 
probably  it  will  eyentnally  be  found  in  other  localities,  including  the  great 
chalk  formation. 

In  the  Northampton  ores  a  greater  degree  of  irregularity  in  the  yield  of 
lion  is  observed  in  the  following  analyses  of  a  very  rich  and  a  very  poor  ore  :-— 

Peroxide  of  iron      .    . 

Silica 

Alumina    ..... 

Ume 

Phosphoric  acid      .    . 
Peroxide  of  manganese 

Magnesia       1-24 

Loss  by  ignition     .... 

101-30  09-18 

The  ores  of  this  formation  are  largely  developed  in  France,  and  the  cheap 
rates  at  which  they  are  mixed  and  cleaned  have  greatly  contributed  to  the 
late  extension  of  the  iron  industry  of  that  country. 

The  Lioi  Formation, 

The  lias  fonnation  appears  to  be  very  deficient  in  iron  ores.  A  few  thin 
beds  of  earthy  carbonates  are  known  to  exist,  and  have  been  partly  worked 
in  Lincolnshire  and  Yorkshire ;  but  the  existence  of  any  continuous  beds, 
containing  a  rich  per-centage  of  iron,  has  not  been  made  known. 

In  the  marls  constituting  the  upper  series  of  the  new  red  sandstone, 
magnetic  iron-sand  is  found.  The  red  sandstones  and  magnesian  limestones 
contain  nodules  of  hsBmatitic  concretions ;  iron  pyrites,  too,  are  common. 
With  these  exceptions,  however,  this  system  is  destitute  of  iron  ores. 

Carboniferous  System. 

The  iron-works  of  this  country  derive  their  principal  supply  from  the  earthy 
carbonates  of  the  coal  measures,  which  furnish,  witli  proper  treatment,  crude 
iron  of  the  best  quality.  The  great  coal-fields  of  South  Wales,  Staffordshire, 
Yorkshire,  and  Scotland,  and  the  minor  fields  of  Shropshire,  North  Wales,  and 
Warwickshire,  are  abundantly  supplied  with  these  carbonates.  The  principal 
range  of  the  carboniferous  or  mountain  limestone,  according  to  Mr.  Warrington 
Smyth*s  recent  report,  emerges  from  beneath  the  Durham  and  Northumberland 
coal  measures  on  the  east ;  is  bounded  by  a  steep  declivity,  overlooking  the 
river  Eden  on  the  west;  reaches  its  culminating  point  on  the  long  mountainous 
ridge  of  Cross  Fell,  thus  forming  the  vast  tract  of  moorland  near  Alston,  and  in 
the  high  desolate  region  adjoining  the  Scottish  border.  The  mode  of  occurrence 
is  in  bands  and  nodules  of  a  dark  bluish-gray  colour,  dispersed  through  the 
flihale.    The  bands  vary  greatly  in  thickness,  from  a  quarter  of  an  inch  to  two 
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feet  and  upwards.    The  composition  of-  the  ores  found  in  the  Scotch  field  is 
well  represented  by  the  following  analysis : — 

Protoxide  of  iron 4584 

Carbonic  acid 33*63 

Protoxide  of  manganese '20 

Silica 7-83 

Almnina 2*53 

Magnesia 5'90 

Lime 190 

Carbonaceous  matter 1*86 

Moisture '99    . 


100-68 

Earthy  carbonates  from  the  other  coal-fields  are  of  a  vezy  similar  character. 
The  analysis  of  a  specimen  from  the  Warwickshire  field  is  subjoined : — 

Carbonates  of  iron 70*19 

„            manganese 1*45 

„            lime 5*85 

„           magnesia 6*30 

Alumina '50 

Silica ' 4-85 

Phosphoric  acid '71 

Water,  bituminous  matter,  &c 1'15 


10000 

The  coal-fields  of  the  Continent  appear  to  be  less  abundantly  supplied 
with  these  ores,  and  the  quantity  found  is  exceedingly  limited.  In  France 
the  coal-fields  of  the  Garde  and  the  Loire  yield  small  quantities  to  the  adja- 
cent works.  The  analysis  of  a  specimen  from  the  latter  field  shows  a  con- 
siderable difference  in  composition  from  the  Scotch  and  Wan\ickshire  ores ; 
the  per-centage  of  phosphoiic  acid  seems  excessive,  while  tliat  of  carbonate 
of  iron  is  very  low. 

Carbonate  of  iron 66-80 

„            manganese    ...  1'50 

„             magnesia ....  0*30 

„             lime 2*50 

Phosphoric  acid 6*10 

Lime 6*60 

Sand  and  clay 20  20 


10000 


The  Westphalian  coal-fields  contain  numerous  bands  of  earthy  carbonates,* 
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and  probably  at  no  distant  day  they  will  be  used  in  conjunction  with  the 
mineral  fuel  with  which  they  are  surrounded.  Limited  quantities  also  are 
believed  to  exist  in  the  Biscayan  provinces  of  Spain. 

The  North  American  fields  contain  workable  bands  of  these  ores,  which, 
though  inferior  in  richness  to  similar  ores  in  England,  are  used  to  a  consider- 
able extent  in  competition  with  the  hsBmatites  firom  the  older  formation.  Vir- 
ginia, Kentuclgr,  Tennessee,  Alabama,  Pennsylvania,  and  Ohio,  possess  large 
deposits  in  their  coal  formations ;  while  Missouri  and  the  other  less  perfectly 
explored  states  of  the  west  are  believed  to  contain  equally  important  deposits. 
By  onalysiB,  one  of  Ihe  best  specimens  of  the  Pennsylvanian  field  gave : — 

Protoxide  of  iron 63*08 

Carbonic  acid 85'17 

Lime 8-83 

Magnesia 1*77 

Silica 1-40 

Alumina '68 

Peroxide  of  iron "28 

Bituminous  matter 8*08 

Water 1-41 


100*00 


When  oxidized,  this  ore  forms  hydrated  oxides — ^brown  or  yellow  heematites. 
Li  its  original  form,  in  the  United  States,  it  is  found  in  round  or  flattened 
lumps,  or  spheroids,  ranging  from  globules  the  size  of  a  pea  to  masses  of 
several  tons  weight,  imbedded  in  day,  clay-slate,  sandstone,  shell,  or  lime- 
stone, and  arranged  in  regular  veins ;  but  as  there  are  often  large  masses  of 
lead-slate  between  the  balls,  it  is  an  expensive  ore  to  work.  The  order  contains 
about  thirty-three  per  cent,  of  metal;  when  roasted,  it  emits  the  peculiar 
earthy  odour  incident  to  clay  and  clay  ores. 


The  Carbonaoeaus  Ores  of  the  Coal  Forviatume, 

These  occur  extensively  in  some  districts,  but  on  the  whole  are  much  less 
abundant  than  the  earthy  carbonates.  The  coal-fields  of  Scotland  contain 
the  richest  deposits  hitherto  discovered.  North  Staffordshire  possesses  valu- 
able deposits,  which  are  wrought  to  a  large  extent  for  the  supply  of  local 
furnaces  and  transportation  to  South  Staffordshire.  South  Wales  also  con- 
tains numerous  seams  of  this  ore,  which  are  partially  wrought  in  several 
places.  Of  late  years,  small  quantities  have  been  wrought  in  Lreland,  and 
shixyped  to  the  Scotch  works ;  but  the  extent  of  the  deposits  in  that  countzy 
is  not  yet  ascertained. 

The  composition  of  a  specimen  of  the  Scotch  carbonaceous  ore  (black 
band)  is  seen  in  the  following  results  of  an  analysis  by  Dr.  Oolquhoun  :-^ 
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Protoxide  of  iron 5303 

Carbonic  acid 35'17 

lime 333 

Magnesia 1*77 

Silica 1-40 

Alumina *63 

Peroxide  of  iron -23 

Bituminous  matter   .  *.    .    .    .  8*03 

Moisture  and  loss 1*41 


10000 


The  North  Staffordshire  ore  has  a  similar  composition,  as  is  seen  by  the 
results  of  an  analysis  by  M.  Herepath.  Generally,  however,  these  ores  con- 
tain notable  quantities  of  phosphoric  acid,  and  not  unfrequently  an  amount  of 
sulphur,  even  larger  than  is  here  represented  under  bisulphide  of  iron : — 

Protoxide  of  iron 42'25 

Bisulphide  of  iron 8*53 

Protoxide  of  manganese 7*48 

Silica 2-20 

Alumina '50 

Lime 4'09 

Magnesia 2  00 

Bituminous  matter,  water,  carbonic  acid,  and  loss  87*85 


100-00 


The  South  Wales  ores  of  this  class  are  not  generally  rich.  By  analysis, 
a  very  clean  specimen  yielded :  protoxide  of  iron,  43*02 ;  protoxide  of  man- 
ganese, 4*80;  alumina,  '56;  silica,  1*80;  lime,  2*60;  water,  carbonio  acid, 
and  loss,  47*24= 10000.  Ores  of  this  class  also  exist  in  the  Westphalian 
fields,  and  to  a  limited  extent  in  the  French  fields.  They  have  also  been  dis- 
covered in  the  State  of  Maryland. 

The  proximity  of  the  ore  to  the  fuel  required  for  its  reduction,  and  to  the 
limestone  used  as  a  flux  in  the  smelting  fuxnaci,  nas  conferred  on  the  several 
coal-fields  such  immeasurable  advantages  in  the  economical  production  of 
superior  metal,  that  it  is  probable  they  wiU  long  continue  to  be  the  principal 
seats  of  the  manufEUsture ;  more  especially  as,  added  to  these  advantages,  an 
abundance  of  the  finest  fire-days  and  refractory  sandstones,  as  well  as  build- 
ing stone  of  good  quality,  is  generally  found.  It  is  thus  seen  that  the  great 
coal  formations  of  this  country  contahi,  in  an  eminent  degree,  every  material 
required  in  the  manu£Eu;tnre  of  iron.  The  highly  ferruginous  character  of 
several  coal-fields  is  well  exemplified  in  the  following  abstract  of  a  section 
of  the  South  Wales  basin  at  Merthyr  Tydvil,  with  the  yield  per  acre  of  iroa 
by  the  several  descriptions  of  strata' — 
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Bocks 
Shales    . 
CMs 
Fire-dajs 
Goals 
Iron  ore . 
Clod  .    . 


Thickneflsin 

Tield  of  Iron 

feet. 

per  cent. 

.     .     309     . 

.     .       3     .     .     . 

.     .     589     . 

.     .     10     .     .     . 

.     .     125     . 

4     .     .     . 

.     .       90     . 

6     .     .     . 

.     .     100     .     . 

.     —    .     .     . 

.     .       22     . 

.     32     .     .     . 

51     .     . 

.       5     .     .     . 

Qimntity  of  Iron 
per  acre. 

30,204  tons. 
106;020     „ 
21,780     „ 
26,136     „ 

30,492     „ 
13,068     „ 


826,700     „ 


In  addition  to  the  earthy  carbonates  and  carbonaceous  ores,  the  coal- 
fields contain  iron  pyrites,  which,  thongh  considered  worthless,  and  productive 
of  injury,  even  when  used  in  the  smallest  quantity,  may  ultimately  be  found 
nsefiil  for  the  production  of  a  species  of  crude  cast-iron.  This  ore  usually 
occurs  in  the  coal  as  concretionary  masses,  but  at  other  times  it  is  found 
adhering  to,  and  is  disseminated  amongst,  the  rocks  of  the  lower  measures. 
The  comi)08ition  of  the  masses  from  the  coal  seams  is  usually  48  parts  of 
iron,  with  52  of  sulphur  mixed  with  carbonaceous  matter. 

Ourboiiiforoiis  Fovmatloii. — The  moimtain  limestone  generally  con- 
tains a  small  quantity  of  iron  disseminated  through  its  mass,  as  oxide  or 
bisulphide.  Particular  coal-fields  also  possess  large  deposits  of  rich  hsBmatite 
ore,  of  a  quality  adapted  for  the  production  of  superior  iron.  From  the  mines 
of  Whitehaven  in  Cumberland,  and  Ulverstone  in  Lancashire,  laige  quanti- 
ties of  ore  are  mined  and  despatched  to  the  ironworks  of  South  Wales  and 
Stafibrdahire.  Gloucestershire  also  produces  a  considerable  amount,  while 
Glamorganshire,  Derbyshire,  and  Scotland  severally  produce  limited  quan- 
tities of  rich  ore  from  the  limestone  measures.  The  carboniferous  limestone 
of  Northumberland  produces  a  quantity  of  the  carbonate  of  iron,  which  has 
recently  received  some  attention  from  neighbouring  smelters. 

To  the  west,  on  the  northern  shoulder  of  Crossfell,  and  to  the  east  at 
Kilhope  and  in  Weardale,  the  outcrops  of  iron  veins  again  present^ them- 
selves. In  the  eastern  part  of  this  region  the  sparry  ore  makes  its  appear- 
ance abundantly.  Here,  as  elsewhere  in  the  neighbourhood  of  Stanhope 
Bum,  in  Weardale,  the  veins  are  particularly  charged  with  this  ore.  Mr. 
Smyth  gives  the  following  analysis  of  a  piece  of  this  ore  derived  from  the 
Kispey  iron  in  Rookhope,  remarking  that  the  high  character  of  the  iron  pro- 
duced from  similar  ores  on  the  Continent,  more  especially  the  steel-irons  of 
Siegen,  S^^ria,  and  Carinthia,  render  the  introduction  of  this  ore  into  the 
British  iron  manu&cture  a  step  of  much  importance : — 


RESULTS  OF  ANALYSIS. 

Protoxide  of  iron 49*47 

Protoxide  of  manganese 2*42 

Alumina traces 


USEFUL  METALS. 
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Lime       347 

Magnesia 3*15 

Carbonic  acid       37*71 

Phosphoric  acid traces 

Silica 1-20 

Sulphuric  acid traces 

Bisulphate  of  iron 008 

Organic  matter .  traces 

Insoluble  matter 3*77 

101*27 

Here,  as  elsewhere,  brown  peroxide  is  mingled  with  the  spany  ore,  and 
Mr.  Smyth  thinks  the  brown  ore  is  due  to  the  decomposition  arising  from 
atmospheric  action. 

The  composition  of  the  richest  kinds  of  the  Whitehaven  haematite  is  seen 
in  the  following  tabular  result  of  an  analysis : — 

Peroxide  of  iron 95*16 

Protoxide  of  manganese *24 

SiUca 5*66 

AlTiminn. '06 

Lime '07 

Phosphoric  acid,  sulphuric  acid,  and 

bisulphide  of  iron traces 


10115 

A  rich  specimen  of  the  Somersetshire  hsematite,  small  quantities  of  which 
are  smelted  in  the  South  Wales  works,  gave  by  Mr.  Mitchell's  analysis : — 
Peroxide  of  iron,  85  000 ;  alumina,  6*250  ;  silica,  3*304 ;  lime,  1087 ;  mag- 
nesia, 1*458 ;  oxide  of  manganese,  1*601 ;  sulphur,  '210;  phosphoric  acid,  *457; 
water,  loss,  Ac,  *633  =  100*000. 

It  is  worthy  of  remark  that  in  fields  deficient  in  the  numerous  thin  bands 
of  earthy  carbonates,  so  characteristic  of  the  St^ordshire,  Shropshire,  and 
South  Wales  districts ;  the  absence  of  workable  bands  of  ore  interspersed  be- 
tween the  seams  of  coal  is  amply  compensated  for  by  the  immense  deposits  of 
rich  haematite  in  the  subjacent  limestone.  The  Cumberland  and  Lancashire 
fields  display  this  compensating  principle  in  a  high  degree.  The  coal-bearing 
strata,  though  partaking  of  the  same  ferruginous  character  as  in  the  other 
coal-fields,  is  nearly  devoid  of  deposits  of  earthy  carbonates.  In  the  lime- 
stone formations,  however,  this  apparent  deficiency  is  met  by  a  band  of  ore 
varying  ui  thickness  from  a  few  feet  up  to  twenty  yards,  which  yields  per 
acre  a  quantity  of  iron  even  larger  than  the  aggregate  of  the  thin  earthy  car- 
bonates of  the  South  Wales  field.  The  small  basin  of  Dean  Forest  is  simi- 
larly  situated  in  regard  to  supplies  of  ore ;  the  rich  deposits  in  and  below  the 
limestone,  compensating  for  tbe  barrenness  of  the  coal  strata.  The  South 
Wales  basin,  however,  affords  the  most  instructive  example  of  the  constant 
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occurrence  of  iron  ore,  in  one  form  or  other,  in  all  our  coal-fields.  The 
northern  portion  of  this  hasin  is  amply  supplied  with  earthy  carbonates,  but 
is  devoid  of  haematite  in  the  limestone ;  the  southern  portion,  on  the  other 
hand,  is  sparingly  supplied  with  carbonates ;  but  possesses  considerable  de- 
posits of  ore,  in  Uxe  limestone  formation. 

Ths  Old  Red  Sandstone  and  Silurian  Systems. 

The  quantity  of  iron  disseminated  through  the  old  red  sandstone  is  enor- 
mous, although  the  deposits  of  valuable  ores  appear  confined  to  a  few  districts. 
This  rock  derives  its  colour  from  an  admixture  of  peroxide  of  iron,  of  which 
it  contains  from  5  to  7  per  cent.  Calculating  at  this  amount,  the  entire  thick- 
ness of  the  system ;  it  appears  that  the  quantity  of  iron  so  dispersed,  amounts 
to  above  one  million  tons  per  acre. 

In  the  previous  formations,  the  ore  has  existed  as  loose  superficial  accu- 
mulations, bands,  or  nodular  concretions ;  in  the  old  red  sandstone  and  lower 
Silurian  rocks,  iron  ores  are  generally  found  as  veins,  more  or  less  regular 
in  their  thickness  and  inclination  from  the  vertical. 

The  ores  found  in  these  systems  are  of  various  descriptions  and  qualities. 
In  the  North  American  States  they  contain  veins  of  fossiliferous  ores  and 
hsematites,  in  conjunction  with  veins  of  limestone  and  shale,  furnishing  the 
largest  supply  to  local  iron-works.  In  this  coimtry,  the  principal  workings  are 
in  Devonshire  and  Somersetshire.  The  latter  county  contains  some  veins  of 
white  carbonate,  which  are  WTOught  to  a  limited  extent;  also  very  extensive 
deposits  of  haematite,  which  were  worked  for  tlie  supply  of  the  charcoal  fur- 
naces of  a  former  period.  The  yield  of  iron  ore  fr*om  Devon  and  Somerset  is 
not  large ;  but  with  greater  &cllities  of  transit  to  shipping  ports,  it  is  possible 
that  these  ores  may  become  of  importance  to  the  Welsh  iron-masters. 

The  general  quality  of  the  haematite  of  these  systems  may  be  gathered  from 
the  subjoined  analysis  of  a  specimen  from  the  Exmoor  Forest  district.  It  must 
be  borne  in  mind,  however,  that  the  average  richness  in  iron  of  tlie  larger 
deposits,  is  very  much  under  the  per-centage  of  this  specimen. 

Peroxide  of  iron 7200 

Silica 6-60 

Peroxide  of  manganese .    .    .    .  14*26 

Alumina 210 

Magnesia *18 

Phosphoric  acid '46 

Water  and  loss 4*40 


100-00 
naasition  and  liinuury  roxmaii«iis, — ^The  grauwacke  and  other  older 
formations,  are  interspersed  with  iron  ores  of  nearly  every  known  description. 
Defvon  and  Cornwall,  where  these  formations  are  extensively  developed,  yield 
several  valuable  iron  ores.  Tlie  principal  are  the  white  carbonate,  haema- 
tite, amd  hydrated  peroadde.    The  white  carbonate,  when  free  from  arsenical 
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iron  pyrites,  yields  iron  of  a  superior  quality,  though  the  average  richness  is 
below  forty  per  cent.  The  quantity  mined  in  England  is  very  limited,  and 
has  no  influence  on  the  general  quality  of  British  iron.  The  Ao^trian  iron- 
works in  Styria  and  Carinthia  use  this  ore,  in  conjunction  with  charcoal  fuel, 
in  the  production  of  fine  steel-irons,  for  which  branch  of  industry  it  appears  to  be 
eminently  adapted.  It  occurs  also  in  other  parts  of  Germany,  in  Kussia,  Spain, 
and  other  European  states.  Until  recently,  the  explorations  for  this  ore  have 
been  confined  to  Somersetshire,  from  which  place  a  specimen  of  the  following 
composition  was  obtained.  From  the  Geological  Siu-vey  already  quoted,  it 
will  be  seen  that  it  is  found  in  the  Cleveland  district.  From  Cornwall,  also, 
a  sample  of  considerable  purity  was  obtainecL  The  results  of  the  Somerset 
and  Cornwall  analyses  are  annexed :- 


Somerset  ore. 

Cornish  ore. 

Protoxide  of  iron    .     .     .     37-83     .     . 

.     51-53 

Carbonic  acid     ....     35-80     .     . 

.     34-50 

Peroxide  of  u'on      .     .     .       8*52    .     . 

Protoxide  of  manganese  .     12-05    .     . 

.     11-41 

Magnesia 452     .     . 

Moisture  and  loss   ...      1'18    .     . 

.       2-56 

100-00  10000 

The  hoematites  of  Cornwall  and  Devon  are  partially  wrought  for  the  supply  of 
the  Welsh  iron-works ;  owing,  however,  to  the  absence  of  cheap  transit,  and  a 
more  careful  supervision  in  cleaning,  the  quantity  shipped  is  small  in  comparison 
with  the  magnitude  of  the  veins.  A  sample  of  haematite  from  the  eastern  part  of 
Cornwall  yielded: — ^Peroxide  of  iron,  60,00 ;  silica,  2200 ;  lime,  7*10 ;  alumina, 
7-20 ;  magnesia  307 ;  and  oxide  of  manganese  81  =  09-68.  North  Wales  pro- 
duces small  quantities  of  haematite  firom  the  clay-slate  formations  of  Caernar- 
vonshire and  Merionethshire. 

In  addition  to  the  haematites  witli  which  tliese  formations  abound,  the 
magnetic  oxide  is  found  in  considerable  quantity.  Small  deposits  of  this  ore 
exist  in  Devon,  and  a  few  isolated  fragments  are  obtained  ia  Cornwall  and 
other  places ;  but  if  we  except  the  recently-discovered  beds  of  this  ore  in 
parts  of  Yorkshire,  'England  is  singularly  deficient  in  the  magnetic  oxide. 
On  the  Continent,  however,  it  is  found  extensively  in  Norway,  Sweden, 
France,  Germany,  and  other  European  States ;  Australia  and  New  Zealand 
abound  with  it ;  the  African  continent  contaius  large  deposits ;  so  also  do 
the  North-American  States.  In  Turkey,  Persia,  and  Syria  it  is  manufiictured 
into  the  celebrated  Damascus  blades ;  while  in  India  it  is  used  almost  ex- 
clusively in  the  production  of  the  wootz  steel. 

When  pure,  the  magnetic  oxide  of  iron  is  composed  of  one  atom  of  the 
protoxide,  with  two  atoms  of  the  peroxide  of  iron ;  or,  decimally,  of  iron  7 1*79, 
oxygen  28-21  =  10000. 

Other  ores  in  which  iron  forms  a  conspicuous  part,  occur  in  the  primary 
formations ;  one  of  the  most  common  of  these  is  the  arsenical  iron  (mispickel), 
the  average  composition  of  which  appears  to  be— arsenic  43,  iron  86,  sulphur 
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21  =  100.  Iron  pyrites  (siilplmret  of  iron)  is  very  commonly  met  with  in 
conjunction  mth  oilier  ores ;  its  composition  is — ^iron  46,  sulphur  54  =  100. 

Chromate  of  iron  (chrome  iron  ore)  is  rather  a  scarce  mineral  in  England, 
but  exists  in  small  quantities  in  North  America. 

Franklinite  is  another  mineral  in  Avhich  zinc  forms  17  or  18  per  cent,  of 
the  whole. 

Titanite  of  iron,  ttmgstate  of  iron,  and  some  other  forms  in  which  this 
metal  appears,  occur  so  very  seldom,  that  a  detailed  notice  of  them  would  be 
foreign  to  the  plan  of  this  work. 

The  Mining  of  Iron  Ores. 

This  branch  of  metallurgic  industry  is  nowhere  can-ied  on  to  such  an 
extent  as  in  Great  Britain.  The  amount  annually  extracted  from  the  several 
geological  formations  exceed  12,000,000  tons — a  quantity  which,  in  regard  to 
value  and  the  cai>ital  iavested,  is  second  only  to  coal,  amongst  the  mineral 
products  of  tlie  kingdom.  Half  a-ceutury  ago,  the  total  quantity  raised  did 
not  exceed  a  milhon  tons.  This  rapid  augmentation  in  tlie  rate  of  production 
has  resulted  from  the  frequent  reduction  in  price,  which  has  caused  a  proportion- 
ately increased  demand  for  raw  and  manufactured  iron ;  from  the  extensive 
use  of  the  metal  for  our  own  railways  and  other  structures  in  which  it  fcrms 
the  principal  material;  and  from  the  demand  for  Continental,  American,  and 
Indian  railwa}'s.  Consequent  on  this  altered  state  of  the  trade,  mining  for 
iron  ore  has  received  an  impulse,  whicli  improved  modes  and  appliances 
have  largely  accelerated. 

Formerly  the  ores  were  extracted  from  surface  excavations  or  shallow 
workings,  and  carried  on  the  backs  of  mules  to  the  smelting-fumaces.  This 
was  the  mode  of  conveyance  largely  practised  in  South  Wales,  in  the  early 
part  of  the  present  century.  The  mountainous  character  of  tliis  and  other 
mineral  districts  precluded  the  adoption  of  canals,  and  necessitated  the  em- 
ployment of  this  expensive  and  tedious  mode  of  transport.  Now,  extensive 
systems  of  mhieral  railroads,  inclined  planes,  and  locomotive  power,  have 
placed  such  districts  on  a  par  with  the  most  favoured,  in  respect  to  transit  of 
minerals. 

The  mining  of  the  ore  is  vaiiously  conducted.  The  simplest,  and  at  one 
period  the  general,  mode  of  extraction  was  by  open  excavations,  the  soil  being 
removed  to  the  depth  of  the  ore,  which  is  then  removed  also,  and  tlie  cavity 
filled  up  with  the  rubbish.  This  is  the  mode  practised  in  working  much  of  the 
earthy  carbonates  of  South  Wales,  Derbyshire,  and  other  districts;  although 
slight  modifications  are  sometimes  seen.  In  South  Wales,  wherever  this 
system  of  open  quan*ying  can  be  practised,  it  is  carried  out  on  an  extensive 
scale, — occasionally  over  ten  or  twelve  acres  at  once.  Where  practised  on 
this  large  scale,  the  general  arrangements  are  necessarily  different  from  those 
adopted  in  smaller  workings.  The  work  is  usually  commenced  at  the  out- 
crop of  some  known  band  of  ore :  at  first  the  thin  covering  of  earth  is  easily 
disposed  of;  but  on  following  the  band  in  depth,  the  increased  burden  of 
days,  shale,  and  stone,  requires  more  engineering,  in  order  to  dispose  of  it  in 


Digiti 


ized  by  Google  


166 


SUBTERRANEAN   ORE-WORKINOS. 


an  inexpensive  manner.  The  difficulty  is  considerably  increased  where  the 
proportion  of  ore  to  debris,  as  is  generally  the  case,  is  very  small;  since 
the  Tolume  of  the  latter,  in  its  loose  state  after  removal,  is  fully  double 
that  of  the  space  which  it  originally  occupied.  This  increase  of  bulk  is 
obviated  in  various  ways :  where  an  unlimited  area  of  waste  ground  is  avail- 
able for  its  deposit,  the  surplus  is  removed  thither ;  where,  however,  the 
disposable  surface  is  limited  to  the  area  containing  the  ore.  means  are  adopted 
for  giving  the  heap  of  debris  an  elevation  sufficient  to  contain  the  entire  quan- 
tity produced. 

When  prosecuted  to  a  considerable  depth,  thereby  resulting  in  the  working 
face  attaining  a  height  of  30  or  40  feet,  the  farther  extension  of  the  work  is 
divided  into  two  or  three  stages.  The  lowest  part  of  the  excavation  is  kept 
clear  with  the  assistance  of  an  inclined  plane  and  small  steam-hauling  engine. 
This  mode  of  *'  clearing  the  bottom,"  as  it  is  technically  termed,  is  illustrated 


rian  of  Subterranean  Ore  Workings, 
in  the  accompanying  engraving.    It  will  be  seen,  that,  following  the  employ- 
ment of  steam-power,  the  elevation  given  to  the  accumulation  is  sufficient  to 
embrace  the  entire  produce  within  the  horizontal  sur£Eu;e  exposed  by  the  ad- 
vancing workings. 

In  working  "with  a  shallow  face,  raw  unskilled  labour  is  usually  employed ; 
but  where  a  deep  face  is  wrought,  the  process  is  extremely  hazardous,  and  a 
portion  of  the  force  employed  requires  to  be  that  of  skilled  miners.  The  sta- 
tion of  the  latter  is  at  the  bottom,  where  they  are  employed  in  the  dangerous 
occupation  of  undermining  the  superincimibent  mass. 

Extraction  of  the  oolitic  ores  of  Northamptonshire  is  conducted  in  a  man- 
ner similar  to  quarrying  common  building- stone.  From  the  great  thickness 
of  the  beds  of  ore,  and  the  comparatively  thin  covering  of  soil,  there  is 
Httle  difficulty  attending  the  disposal  of  the  debris.  A  portion  of  the  hsema- 
tite  of  Ciunberland  is  mined  in  a  similar  manner;  and  the  occurrence  of 
a  mammoth  vein  of  coarse  haematite,  in  a  cliff  on  the  north  coast  of  ComwaU, 
has  been  taken  advantage  of  for  an  open  working. 

In  parts  of  tlie  South  Wales  mineral  field,  the  descending  band  of  ore  is 
followed  in  its  course  by  a  dip-heading,  or  narrow  gallery,  from  which  the 
mass  of  material  is  brought  up  by  a  railway  and  steam-engine  at  top.    At 
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stated  distftnoes  apart  on  the  inclined  descent,  levels  are  driven  right  and  left, 
with  cross-headings  joining  them,  and  a  system  of  pillar  and  stall-working 
pnrsaed  in  the  extraction  of  the  ore.  The  plan  more  commonly  pursued, 
however,  when  the  depth  of  covering  has  attained  too  great  a  thickness  for 
removal,  is  to  transfer  the  operations  to  a  suitable  point  on  the  dip  of  the 
strata ;  a  pit  being  sunk  fi*om  the  surface  to  intersect  the  bands  of  ore  at  the 
calculated  depth.  The  pit  thus  sunk  is  generally  large — seldom  less  than 
16  by  8  feet  ;  and  if  sunk  through  weak  or  shifting  strata,  it  requires  to  be 
substantially  lined  with  masonry  or  brickwork.  A  powerful  steam-engine  is 
employed  for  hauling  up  the  rubbish ;  and  where  the  ground  is  wet,  a  lift  of 
pumps  foUowB  the  sinking,  in  order  to  keep  the  pit  properly  drained.  When 
completed  to  the  required  depth,  it  is  fitted  up  with  a  pair  of  cages,  which 
work  between  vertical  guides  fixed  in  the  pit,  for  the  purpose  of  supporting 
and  steadying  the  train- waggons  in  their  ascent  and  descent.  These  prepa- 
rations are  generally  made  on  a  scale  adapted  for  the  daily  delivery  of  400  or 

500  tons  of  material. 
A  sketch  of  the  ar 
rangements  for  wind- 
ing and  pumping  is 
given  in  the  accom- 
panying  figure,  where 
A  is  the  steam-en- 
gine ;  B  winding  and 
pumping-gear;  C  pit- 
head &'aming,made  of 
balk  timber ;  D  cage 
and  train  -  waggon ; 
EE  guides,  common- 
stretched  tight  from  top  to  bot- 
tom of  the  pit;  F  pimiping-beam, making  one 
stroke  to  three  or  four  of  the  engine. 

At  the  bottom  of  the  sinking,  which  may 
vary  from  a  few  yai'ds  to  150  fathoms,  with 
an  annual  increase,  levels  are  driven  of  a 
width,  and  height,  sufficient  for  the  passage 
of  a  horse  and  train  of  waggons.  From 
the  levels,  headings  are  driven  to  the  rise  of  the  strata ;  and  from  ofif  both 
sides  of  these  headings,  the  ore  is  taken  away  by  a  series  of  excavations, 
alternating  with  broad  pillars  of  solid  ground,  left  as  a  support  to  the  roof. 
The  excavations  will  range  about  eight  or  ten  yards  wide ;  the  same  distance 
apart ;  and  sixty  or  eighty  yards  long.  During  the  operation  of  driving  forward, 
the  ore  is  taken  away,  filled  into  waggons,  and  sent  up  to  the  surface. 

Where  the  work  is  performed  entirely  on  the  contract  system,  as  is  the 
case  in  nearly  all  the  Welsh  works, — ^the  sinking  the  pit,  driving  the  levels 
and  headings,  and  other  processes  connected  witii  the  opening  of  the  work, 
are  undertaken  at  per  yard  deep  or  forward.    This  portion  of  the  general 
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system  of  mining  involves  a  large  ouUay  of  capital,  and  is  technicallj  known 
as  "  dead- work/'  from  being  almost  entirely  unproductive  of  mineral.  The 
mining  the  ore,  or  "  raising  the  mine,"  as  it  is  generally  termed,  is  undertaken 
at  so  much  *^per  ton"  as  also  are  the  labour  and  horse-hire  in  hauling;  the 
wages  of  pitmen,  and  other  operatives  employed  in  tlie  mine :  hence  the 
operations  in  the  mine  resolve  themselves  into  those  attending  the  "  dead- 
work,"  and  those  appertaining  to  *'  raising  the  mine."  In  a  well-regulated 
mine,  the  dead-work  is  prosecuted  at  a  rate  that]  ensures,  at  all  times  during 
the  continuance  of  the  workings,  ample  room  in  the  headings  for  the  miner 
to  commence  new  excavations,  as  others  are  worked  out. 

While  driving  the  excavation,  or,  as  it  is  technically  called,  "  stall "  the 
miner  supports  the  roof  in  his  immediate  vicinity  with  stout  wooden  props ; 
these  are  generally  larch,  or  firpoles,  varying  in  diameter  up  to  twelve 
inches ;  occasionally  also  with  "  stoics"  a  moiety  of  the  rubbish  produced  in 
the  excavation  in  his  rear,  leaving  only  a  sufficient  roadway  for  delivering  the 
waggons.  If  the  roof  be  good — ^that  is  tojsay,  not  liable  to  fedl — and  if  cir- 
cumstances warrant  such  a  course  of  action :  the  miner,  on  completing  his 
stall,  proceeds  to  draw  back  the  pillar,  or  so  much  of  it  as  can  be  safely 
wrought;  leaving  a  small  soM  block  adjoining  the  heading  for  keeping  the 
latter  open  to  the  proper  extent.  When,  however,  the  excavation  embraces  a 
second  band  of  ore,  with  an  interveniag  stratum  of  shale,  but  good  roof  over 
all,  a  somewhat  different  system  is  pursued.  The  lowest  band  is  then  wrought 
first,  and  the  superincumbent  mass  propped  up,  until  the  extremity  of  the 
excavation  is  reached ;  when  a  process  termed  "  ripping  back," — which  consists 
in  knocking  out  the  props,  and  allowing  the  upper  band  to  fall, — ^is  performed. 
This  is  an  operation  of  considerable  danger  to  the  miner,  who  is  too  often 
caught  in  his  retreat  by  portions  of  the  foiling  stratum. 

When  a  mine  is  opened  on  stiictiy  workmanlike  principles,  the  bottom 
is  left  unworked,  until  the  abandonment  of  the  pit,  with  the  exception  of 
driving  the  necessary  levels  and  air-ways,  the  object  being  to  keep  it  in  an 
efficient  state  until  tiie  area  embraced  by  it  is  wrought  out  a  considerable 
breadth  around.  This  breadth  of  unworked  ground  is  left  standing  as  a  support 
for  the  pit,  and  to  prevent  unnecessary  strain  being  thrown  on  the  adjacent 
levels.  In  cases  where,  from  cupidity,  or  want  of  skill,  such  a  provision  has 
been  omitted,  the  sinking  of  the  strata,  or  the  withdrawal  of  the  ore,  scarcely 
ever  fails  to  crush  the  levels,  and  to  seriously  injure  the  pit. 

The  mode  of  mining  ore  "by  pillar  and  stall"  is  exhibited  in  the  fol- 
lowing engraving.  At  first  the  stall  is  narrow ;  but  as  it  recedes  from  the 
heading,  it  is  widened :  air-ways  are  driven,  and  ventilation  forced,  wherever 
the  atmosphere  seems  stagnant.  The  dark  shading  shows  the  portions 
allowed  to  stand  for  the  permanent  support  of  the  roof,  while  the  lightiy- 
shaded  portions  represent  the  parts  drawn  away  after  completing  the  stalls. 

The  mining  of  heematite  in  Cumberland,  Dean  Forest,  and  Cornwall,  is 
conducted  on  sioiilar  principles,  modified  to  a  slight  extent.  The  nearly 
perpendicular  direction  of  the  veins,  necessitates,  in  nearly  every  instance, 
the  sinking  of  pits.    These  are  commonly  of  a  smaller  size ;  and  instead  of 
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the  lining  of  walled  masonry,  they  are  strengthened  by  a  series  of  timber 
frames  and  linings.  The  shafts  are  vertical ;  and  the  oblique  manner  in  which 
the  fnnlqng  cuts  the  line  of  stratification,  throws  a  great  crushing  strain  on 


Plan  of  Subterranean  Ore  Workings. 

these  frames,  which  not  unfrequently  collapse,  and  prevent  a  further  prosecu- 
tion of  the  mine.  At  the  depth  fixed  on,  a  short  cross-cut  is  driven  to  meet 
the  vein  and  horizontal  levels  extended  right  and  left  into  the  mass  of  ore. 
This  usually  occiu*s  with  a  degree  of  regularity  in  the  thickness ;  but  in  the 
Dean  Forest  district,  large  deposits  are  occasionally  met  with,  after  intervals 
of  unproductive  ground.  In  mines  in  which  the  veins  possess  a  considerable 
underlie,  or  deviation  from  the  perpendicular,  the  roof  is  temporarily  kept  up 
by  heavy  timbering,  which  eventually  collapse,  and  render  such  portions  of 
the  mine  inaccessible. 

Cleaning  Iran  Ores. 

On  reaching  the  surfEice,  the  earthy  carbonates  of  iron  of  the  coal  forma- 
tions is  transferred  to  heaps,  and  exposed  to  the  disintegrating  influence  of  the 
atmosphere  for  several  months.  The  effect  is  seen  by  the  separation,  in  a 
loose  and  friable  state,  of  the  adhering  clay  shale,  leaving  the  ore  clean  and 
fit  for  the  furnace-yard.  This  simple  and  apparently  iaexpensive  mode  of 
cleaning  the  ore  is  singularly  effective ;  it  is,  however,  so  far  objectionable 
that  it  necessitates  the  maintenance  of  six  or  eight  months'  stock  of  ore  on 
hand,  which,  even  in  small  works,  absorbs  a  large  capital.  No  other  system 
has  yet  been  devised,  though  it  is  probable  that  research  will  eventually 
discover  one  not  open  to  this  objection. 

The  ooUtic  ores  of  France,  and  the  magnetic  oxides  and  rich  heematites 
used  in  other  places,  also  undergo  a  cleansing  process  before  admission  to  the 
fdmace.  With  the'greater  number,  advantage  is  taken  of  the  superior  specific 
gravity  of  the  ore  to  effect  the  removal  of  the  extraneous  matter.  A  few  of 
the  magnetic  iron-sands  are  cleaned  in  a  manner  very  similar  to  that  pursued 
in  the  winnowing  of  com.  The  haematites,  and  ores  of  the  primary  formations 
of  England,  undergo  no  other  preparation  than  a  partial  hand-picking,  to 
separate  the  largest  masses  of  refuse  matter. 
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CHAPTER  IX. 

FUEL  UBED  IK  THE   ICANUFACTUBE   OF  IBON. 

Dbt  and  charred  wood  constituted  the  fuel  universally  employed  until  the 
last  century,  when  the  high  prices  consequent  on  the  growing  scarcity  of 
wood,  led  smelters  to  use  for  smelting  purposes  charred  mineral  fuel  in  the 
high-blast  furnaces.  The  success  which  followed  its  use  in  this  department, 
eventually  led  to  its  employment  in  refining  the  crude  iron  and  in  forging 
it  into  bars.  At  the  present  day  mineral  fuel  is  used  ahnost  exclusively 
in  the  home  manufacture  :  the  small  quantity  of  charcoal  consumed  in  the 
manufacture  of  nail-rod,  and  iron-plate  for  subsequent  thinning,  gradually 
diminishes ;  while  the  quantity  used  in  smelting,  is  limited  to  that  required 
for  the  aimual  production  of  a  few  hundred  tons  in  the  Ulverstone  district. 
Imitating  the  example  set  by  British  manufacturers,  mineral  fuel  has  been 
applied  to  smelting  and  bar-iron  making  in  France,  Belgium,  Germany,  Spain, 
and  the  United  States  of  America ;  nevertheless,  in  some  of  these  countries, 
especially  America,  the  comparative  cheapness  of  wood  compared  with  that 
of  mineral  fuel,  is  seen  in  the  larger  number  of  the  works  still  using  charred 
wood.  Belgium  manufacturers  employ  mineral  fuel  almost  exclusively ;  Swe- 
den, Norway,  Bussia,  Austria,  and  Italy,  smelt  charcoal-iron  only;  and  the 
same  may  be  said  of  Oriental  and  African  manufacturers. 

The  bands  of  coal  in  our  coal-fields  are  numerous,  but  at  present  it  is  only 
the  best  and  thickest  that  are  worked.  Bands  less  than  two  feet  are  not 
wrought,  unless  in  conjunction  with  other  minerals,  as  ore  and  fire-clay.  With 
the  exhaustion  of  the  fields,  attention  will  doubtless  be  directed  to  these,  and 
economical  methods  of  extraction  devised.  Thick  bands  of  carbonaceous 
matter,  capable  of  yielding  large  quantities  of  heat  during  combustion,  will 
also  receive  attention,  and  be  apphed  to  useful  purposes. 

The  maimer  in  which  the  ore,  fuel,  and  flux  generally  occur  in  the  lai^er 
coal-fields  of  this  country,  is  weU  exemplified  by  a  sectional  sketch  of  a  portion 


Section  of  part  of  the  Sontli  Wales  Mineral  Basin. 

of  the  northern  outcrop  of  the  South  Wales  field.  In  the  accompanying  engrav- 
ing a  considerable  thickness  of  millstone  grit,  shale,  impure  coal,  and  ores, 
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intervene  between  the  iron-ore  measures,  and  the  great  deposit  of  monntaiu 
Jimestone ;  bat  the  gentle  inclination  of  the  strata  in  this  region  (the  fall  being 
abont  1  in  12  horizontal),  aided  by  the  hilly  character  of  the  country,  causes 
the  lowest  stratum  of  limestone  to  appear  at  the  surface,  within  a  mile  or  two 
of  the  appearance  of  the  main  deposits  of  ore  and  fuel. 

Coal-mining  is  prosecuted  in  a  manner  very  similar  to  the  extraction  of  the 
iron  ores  of  the  same  district.  In  South  Wales  a  considerable  quantity  is  derived 
from  open  workings,  or  quarries,  and  in  a  few  other  locahties  limited  quantities 
are  thus  obtained.  It  is,  however,  from  deep  subterranean  excavations  that  tlic 
chief  amount  of  mineral  fuel  of  this  country  is  derived.  The  method  of  sink- 
ing the  pits,  the  adaptation  of  steam-engines,  the  apparatus  for  pumping  and 
winding  the  cages,  guides,  and  waggons,  have  been  already  described;  the 
operations  of  driving  the  levels  and  headings,  and  the  opening  of  the  oblong 
excavations  called,  in  the  Welsh  districts,  .«to^«,  is  conducted  in  neaiiy  the 
same  manner,  whether  the  mineral  sought  be  iron-ore  or  coal.  In  the  Boutli 
Staffordshire,  and  other  districts,  the  system  pursued  in  the  opening  of  the 
work  at  bottom  is  slightly  different,  the  result  of  peculiarities  in  the  several 
fields  as  weU  as  local  customs ;  but  it  may  be  remarked,  that  extraction  without 
breaking,  and  at  the  cheapest  rate,  is  the  object  which  determines  the  process 
to  be  fallowed  in  working  the  several  bands. 

Several  of  the  coals  yield  large  quantities  of  inflammable  gas,  to  dilute  or 
dissipate  which  special  ventilating  powers  are  required.  The  iron-ore  miner 
is  seldom  incommoded  by  impure  air ;  and  a  small  ventilative  apparatus 
suffices  for  an  extensive  area. 

Coking  Goalt  and  Coke  Manufacture. 

^Gneral  fuel  is  composed  essentially  of  gaseous  and  solid  substances  in 
varying  proportions.  In  the  best  and  purest  specimens,  the  portion  capable 
of  forming  gaseous  compounds  with  oxygen,  or  of  existLog  naturally  as  a  gas, 
forms  98  or  09  per  cent,  of  the  weight ;  other  specimens  yield  9  or  10  per 
cent,  of  solid  earthy  substances,  which  remain  as  ashes.  A  few  contain  18 
and  20  per  cent,  of  ashes ;  but  such  varieties  are  not  extensively  mined,  and 
at  present  only  possess  value  in  the  absence  of  others  containing  a  greater  pro- 
portion of  gases.  The  ashes  of  coals  vary  in  the  elements ;  their  relative 
proportions  in  different  districts  being  influenced  in  a  degree  by  the  character 
of  tiie  surrounding  strata.  The  gaseous  constituents  of  coal,  so  fEur  as  ana- 
lysis has  determined,  are  uniform  in  niunber,  but  vary  greatly  in  their  relative 
proportions. 

Common  pit-coal  contains,  as  constituents  capable  of  entering  into  gaseous 
combination,  carbon,  hydrogen,  oxygen,  nitrogen,  and  sulphur.  Carbon 
forms  the  principal  ingredient  in  the  combustible  value  of  coal.  The  purest 
anthracite  of  South  Wales  and  Pennsylvania  contain  9%  or  93  per  cent. 
Other  coals  of  a  weak  bituminous  character,  such  as  the  Dean  Forest  and 
Somersetshire,  yield  60  or  65  per  cent ;  between  these  two  extremes  arc 
found  the  coals  known  as  cubical,  reedy,  caking,  clod,  cherry,  sphnt,  and 
cannel — ^names  too  often  used  indiscriminately,  without  reference  to  chemical 
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composition,  or  other  sufficientlj  distingmshing  peculiarity.  The  hydrogen, 
nitrogen,  and  oxygen,  occur  in  yoiying  proportions — ^the  former  in  some  coals 
to  5  or  6  per  cent. ;  nitrogen  2  ;  and  oxygen  up  to  18  or  20  per  cent 

Sulphur  is  a  constituent  to  the  extent  of  3  per  cent,  in  some  coals,  but  the 
lai*gcr  number  contain  from  1  to  1^  per  cent.,  while  a  very  few  yield  less. 
The  presence  of  this  substance  is  prejudicial  to  the  use  of  the  coal  in  smelt- 
ing and  refining ;  and  when  existing  in  the  larger  proportion,  renders  it  alto- 
gether imsuitable  for  the  production  of  the  finer  kinds  of  iron. 

The  ashes  of  coal  consist  frequently  of  silica,  alumina,  and  oxide  of  iron, 
with  minor  quantities  of  Ume,  magnesia,  manganese,  potash,  phosphoric  acid, 
and  sulphur.  The  three  first  commonly  constitute  70  to  80  per  cent,  of  the 
whole ;  their  presence  exercises  no  injurious  effect  on  the  quality  of  the 
metal :  the  two  last  enter  to  the  amount  of  1  to  7  per  cent.,  and  to  this  extent 
they  are  injurious.  Compared,  however,  with  the  sulphur  of  the  fuel,  and 
phosphoric  acid  of  the  ores,  the  ashes  contain  only  a  very  minute  quantity  of 
deteriorating  mixture,  the  effects  of  wliich  may  be  safely  neglected  in  practice. 

For  smelting  purposes,  the  amount  of  sulphur  and  ashes  being  similar, 
tiie  value  of  a  coal  will  be  nearly  proportional  to  the  amount  of  carbon.  For 
the  blast  and  refining  furnaces,  coke  was  formerly  the  only  state  in  which  coal 
admitted  of  being  turned  to  account ;  and  even  now  it  is  probable  that  more 
than  half  the  total  quantity  of  British  manufactured  iron  is  so  prepared. 
The  coking  of  coal  is  analogous  to  the  charring  of  wood,  and  is  conducted  in 
a  similar  manner,  either  on  the  open  ground,  or  in  close  vessels.  An  essen- 
tial condition  in  forming  coke  is,  that  the  coal  swells  on  being  heated,  and 
changes  into  irregular,  spongy  masses,  which  adhere  intimately  together ; 
thus  producing  a  material  free  from  sulphur  and  hydrogen,  and  which  is  not 
altered  by  heat. 

Coking  in  the  open  air  is  commenced  by  levelling  a  dry  sandy  surface  of 
twenty  or  thirty  yards  diameter,  and  building  in  a  rough  manner  in  the 
centre  a  dwarf  brick  chimney,  with  apertures  and  open  joints  at  the  bottom ; 
around  this  a  stratum  of  hu*ge  coals  is  loosely  placed,  and  on  these,  other 
coals,  till  a  circular  mound,  thirty  to  thirty-five  feet  diameter,  and  of  the 
height  of  the  central  chimney,  is  formed.  When  coal  abounds  in  sulphur, 
however,  as  well  as  bitumen  and  water,  the  best  mode  of  coking  is 
in  rows,  or  clamps;  the  length  of  such  rows  may  be  from  twenty  to 
a  hundred  feet,  but  in  width  they  must  not  exceed  twelve.  Fire  is 
applied  to  these  masses,  and  a  partial  combustion  maintained  by  the 
indraught  of  the  chimney.  When  the  entire  mass  is  ignited,  the  lower 
portions  are  covered  with  a  thick  stratum  of  dust  from  other  cokings,  which 
operation  is  continued  to  the  centre ;  thus  cutting  off  the  further  admission 
of  air,  and  concentrating  the  heat  already  yielded  to  the  expulsion  of  the 
volatile  gases.  The  process  of  covering  is  continued,  any  broken  part  being 
immediately  repaired,  until  the  mass  has  cooled  down,  when  it  is  opened,  and 
the  coke,  now  cohering  in  a  mass,  dug  out,  and  wheeled  to  the  smelting 
furnaces. 

It  may  be  observed  that  coke  is  an  exceedingly  hygroscopic  substance, 
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Section  of  Coke  Oren. 


absorbing  crater  to  the  amount  of  50  to  60  per  cent,  increase  of  weight  in  a 
single  night:  it  should  therefore  be  carefully  protected  from  the  weather, 
otherwise  the  iron  fused  with  it  will  be  much  deteriorated. 

The  yield  of  coke  from  a  given  weight  of  coal  appears  to  be  mainly 
dependent,  when  the  process  has  been  weU  conducted,  on  the  original  quan- 
tity of  carton ;  the  richest  give  88  to  00,  and  the  poorest  coals  40  to  45  per 
cent,  of  coke. 

The  use  of  close  vessels  in  coking  has  largely  increased  of  late  years. 
They  may  be  divided  into  two 
classes — ^brick  furnaces  or  ovens ; 
and  hermeticaUy  sealed  retorts. 
Brick  ovens  are  variously  con- 
structed—circular, oval,  square, 
and  rectangular  on  the  plan,  with 
arched  or  domed  roof,  and  with 
or  without  machinery  for  dis- 
charging. The  circular  form,  of 
which  a  section  is  given  in  the 
accompanying  engraving,  is  used 
to  a  considerable  extent  in  cok- 
ing small  coals  of  a  bituminous 
character.  The  interior  chamber 
is  lined  throughout  with  firebrick, 

and  strongly  bound  with  iron  ho<^s  on  the  outside  to  resist  the  thrust  of  the 
roof.  A  short  chimney,  sometimes  carrying  a  damper,  rises  frt>m  the  centre 
of  the  dome ;  communicating  with  the  interior  are  two  doors,  two  feet  square, 
through  which  the  coals  are  charged  and  discharged. 

The  process  is  conducted  by  lightmg  a  fire  on  the  floor  of  the  oven,  and 
charging  into  it  three  or  four  tons  of  coals,  or  until  about  three-fifths  full, 
allowing  a  free  admission  of  air  till  the  whole  is  in  an  incandescent  state. 
This  is  accelerated  by  the  draught  of  the  chimney.  When  the  interior  is  at 
a  full  red  heat,  the  further  admission  of  air  is  prevented  by  sealing  up  the 
doors.  It  is  now  left  a  few  hours,  occasionally  inspected  through  a  small 
hole  in  the  door,  until  the  felling  off  in  the  escape  of  gas  from  the  chimney 
indicates  the  completion  of  the  process.  The  doors  are  now  opened,  and  the 
red-hot  coke  drawn  by  bars  and  hooks  on  to  the  floor  of  the  coke-yard.  In 
recommencing  the  process,  the  heat  communicated  to  the  brick-work  by  the 
partial  combustion  of  the  previous  charge  materiaUy  assists  in  the  rapid 
disengagement  of  gas,  and  renders  the  lighting  of  a  second  fire  unnecessary. 

Probably  the  most  objectionable  part  of  the  cokiug  in  ovens  is  seen  in  the 
universal  use  or  abuse  of  water  in  cooling  the  resulting  red-hot  coke.  The 
entire  process  occupies  only  twenty  or  twenty-four  hours,  and  immediately  a 
charge  is  drawn  it  is  required  to  be  removed  out  of  the  way  of  operations. 
Water  is  applied  in  torrents,  saturating  the  coke,  and  entailing  evils  of  the 
first  magnitude  in  the  economical  working  of  the  smelting-fumace.  Coke 
thus  cooled  frequentiy  contains  80  to  85  per  cent,  of  water. 
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Coking  in  retorts,  as  pursued  in  the  manu&ctore  of  gas  for  lighting  pur- 
poses, is  a  species  of  distillation  in  which  the  heat  required  for  volatilizing 
the  lighter  gases,  is  derived  from  fael  burnt  outside  the  retort.  Th«  expulsion 
of  the  gases,  and  production  of  a  sound  coke,  absorbs  a  quantity  of  heat,  in 
whatever  way  the  coking  may  be  performed.  With  the  majority  of  coals,  the 
^ses  thus  expelled  have  a  calorific  value  greater  than  the  heat  expended  in 
their  separation.  The  distillation  in  close  retorts  is  invariably  done  with  a 
view  to  the  utilization  of  the  gases  evolved ;  and  the  process  is  prosecuted  so 
long  as  the  coal  yields  gas,  without  reference  to  the  quality  or  quantity  of  the 
resulting  coke.  Hence  gas-coke  is  held  to  be  of  inferior  quality,  and  is 
seldom  used  in  smelting. 

In  open-air  coking,  a  partial  combustion  of  the  fuel  is  pennitted  to  gene- 
rate sufficient  caloric  for  the  requirements  of  the  process ;  if  successfully 
performed,  the  quantity  thus  consimied  will  not  be  greatiy  in  excess  of  the 
heat  rendered  latent.  The  use  of  ovens  is  attended  with  a  diminished  con- 
sumption, inasmuch  as  the  brick-wt»k  reduces  the  amount  of  radiation  to  the 
surrounding  atmosphere,  and  acts  as  a  store  of  heat  from  one  charge  to 
another.  An  advantage  of  this  kind,  however,  may  be  more  than  counter- 
balanced through  inattention  to  other  points. 

The  bulk  of  the  coke  obtained  is  larger  than  tiiat  of  the  coal  used ;  the 
increase  of  volume  varying  with  the  amount  of  volatile  constituents,  and  the 
mode  in  which  the  operation  is  conducted.  Goals  containing  much  hydr<^en 
and  oxygen,  expand  considerably;  while  those  having  the  largest  quantity  of 
carbon  undergo  but  a  small  increase.  If  coals  of  the  former  class  be  plax^ 
in  a  red-hot  vessel,  and  the  operation  prosecuted  at  a  bright  red  heat,  the 
resulting  coke  occupies  a  space  twice  as  great  as  that  of  the  original  coal. 
This  bulky  coke,  however,  contains  10  to  20  per  cent,  less  cari)on  than  it 
would  have  contained  if  coked  slowly  at  the  lowest  heat  compatible  with 
perfect  carbonization. 

Wood-charring  is  conducted  in  a  manner  similar  to  that  pursued  with 
open  coking  of  mineral  fuel.  The  short  billets  or  logs  of  wood  are  placed  in 
an  inclined  direction  aroimd  a  centre  i>08t  to  form  a  circular  heap,  which  is 
covered  with  chips,  leaves,  and  a  thick  coating  of  breeze  from  former 
charrings.  Fire  is  applied  to  the  heap,  and  a  smothered  combustion  main- 
tained until  the  whole  has  ignited,  when  further  access  of  air  is  prevented  by 
additional  coverings  of  dust,  and  the  pile  is  allowed  to  cool.  At  other  times,  the 
wood  is  piled  in  longitudinal  heaps,  one  end  of  which  is  covered  and  fired, 
while  the  other  is  being  extended  by  the  addition  of  fresh  logs.  In  this 
manner  tiie  process  may  be  seen  in  continuous  operation ;  the  setting,  firing, 
and  drawing  going  on  simultaneously. 

Hard  wood  logs,  twelve  months  cut,  yielded  fifty-five  per  cent,  of  woody 
fibre,  after  having  been  dried  at  400°  F.  Charred  in  a  close  vessel  without 
entrance  of  an*,  the  coal  produced  gave  twenty  to  twenty-five  per  cent,  of  the 
original  weight  of  the  wood.  With  pine  and  other  soft  woods,  the  yield  of 
coal  varies  from  ten  to  eighteen  per  cent.  Oak,  beech,  mahogany,  Ugnum- 
vitfe,  and  hard  woods  generally,  yield  the  best  coals  for  smelting. 
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A  quantity  of  charred  wood  is  obtained  in  the  distillation  of  pyroligneous 
add.  The  green  wood  is  placed  in  iron  retorts  and  submitted  to  a  high  tem- 
perature for  twenty-four  hours,  when  the  carbonization  of  the  wood  is  com- 
plete. A  charge  of  beech  yields  forty-five  per  cent,  of  wood  vinegar,  eight  per 
cent,  of  combustible  oil,  and  twenty-two  of  charcoal,  showing  a  loss  of  twenty- 
five  per  cent.,  probably  due  to  moisture.  The  soil  on  which  the  timber  grew 
appears  to  affect  the  quality  and  quantity  of  the  products,  equally  with  the 
kind  of  wood  employed.  Timber  grown  slowly  on  a  dry  soil  yields  the  largest 
quantity  of  liquid  products,  as  well  as  a  maximum  of  charcoal  For  smelting 
purposes,  however,  wood-charcoal  prepared  in  this  manner  is  held  to  be 
greatly  inferior  to  that  prepared  in  open  mounds. 

Fluxes  used  in  the  Smelting  Furnace, 

The  iron  ores  smelted  in  England  contain,  for  the  most  part,  considerable 
quantities  of  silicious  and  aluminous  earths,  and  require  the  addition  of  a 
thin  substance  to  form  a  readily  fusible  compound,  incapable  at  high  temper- 
atures of  holding  any  considerable  quantity  of  iron  in  solution.  Ldmestone 
forms  the  cheapest  material,  and  is  used  for  the  purpose  whenever  attainable. 
The  mountain  limestone  of  the  carboniferous  era  is  preferable  to  others : 
immense  beds  of  it  are  composed  of  nearly  pure  carbonate  of  lime.  At  its 
northern  outcrop,  the  South  Wales  deposit  frequently  contains  ninety-eight 
per  cent,  of  carbonate  of  lime,  with  very  small  quantities  of  silica,  carbonate 
of  magnesia,  sulphate  of  lime,  asod  oxide  of  iron. 

Chalk  forms  an  excellent  flux :  and  where  obtaiuable  in  sufficient  quantity 
at  a  cheap  rate,  is  sometimes  used  instead  of  limestone.  It  may  be  designated 
as  a  £Eiab]e  carbonate  of  lime,  mixed  with  a  vexy  small  amount  of  silica  and 
oxide  of  iron. 

Oyster- shellB  have  been  ZMommended  by  one  author,  as  a  suitable  flux 
in  smelting  fdmaees.  Containing  a  large  per-centage  of  phosphate  of  lime, 
as  wen  as  water  in  the  state  of  an  hydrate,  they  form  about  the  worst  material 
which  it  is  possible  to  adopt.  The  water  may  be  expelled  at  a  high  heat,  but 
the  phosphate  remains,  to  the  injury  of  the  iron. 

Calcination  of  the  limestone  is  frequently  performed  previous  to  introduc- 
ing it  into  the  fiimace,  with  a  decided  advantage  in  the  quality  of  the  product 
and  yield  of  fuel  To  analyse  the  advantage,  however,  is  a  matter  of  some 
difficulty.  Caustic  lime  is  a  veiy  hygroscopic  substance ;  it  absorbs  moisture 
from  the  atmosphere  with  great  rapidity,  and  passes  into  an  hydrate  in  a  few 
hours.  Hence  it  is  absolutely  necessary  to  keep  it  perfectly  dry,  and  to 
remove  it  from  the  calcining  kiln  only  as  required  fbr  filling  into  the  blast 
furnace. 
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CHAPTER  X. 

THE   CALCINATION   AND   SMELTING   OF   IRON   ORES. 

Calcination  of  iron  ore  is  performed  either  in  Idlns  or  in  the  open  air.  The 
earthy  carbonates  of  the  coal-measures,  and  the  carbonates  of  the  primaiy 
formations,  are  usually  submitted  to  this  preliminary  operation.  Some 
smelters  calcine  the  ores  of  the  oolitic  formation,  but  the  hsematites  and  mag- 
netic oxides  are  rarely  subjected  to  the  process.  In  South  Wales,  kilns  are 
usually  employed ;  the  Staffordshire,  Shropshire,  and  Scotch  smelters  follow 
the  open-air  plan,  and  calcine  the  ore  in  large  heaps. 

The  calcining  Viln  is  usually  built  in  the  rear  of  the  blast  furnace,  into 
which  the  prepared  ore  is  wheeled 
after  weighing.  Its  general  form  and 
size  are  held  to  be  of  little  moment, 
so  long  as  the  thorough  calcination 
of  the  ore  is  effected  economically. 
The  general  form  is  that  of  an  in- 
verted frustmm  of  a  cone;  the 
major  diameter  8  or  9  feet,  and  the 
height  14  or  15  feet,  widtli  at  bot- 
tom 2  feet.  Communicating  with 
the  interior  at  bottom,  is  an  aper- 
ture for  the  withdrawal  of  the  cal- 
cined ore ;  also  a  few  small  orifices 
for  tlie  admission  of  air.  At  a 
height  of  6  or  6  feet  above  the  top 
of  the  kiln,  a  railroad  is  supported 
on  pillars,  over  which  the  loaded 
tram-waggons  pass  and  deliver  their 
contents  into  the  cavity  of  the  kiln. 


Section  of  Calcining  Kiln. 


These  arrangements  are  best  seen  by  the  accompanying  section  of  a  cal- 
cining kiln. 

In  commencing  operations  with  a  new  kiln,  a  fire  is  lighted  on  the  floor, 
and  when  in  fiill  ignition  is  covered  with  a  quantity  of  ore.  Other  fuel  is  now 
added  along  with  successive  strata  of  the  ore,  until  the  interior  is  filled  with 
ignited  fuel  and  ore.  Active  combustion  is  maintained  at  top,  where  the  ore 
is  subjected  to  a  high  temperature,  gradually  decreasing  in  its  descent  to  the 
discharging  aperture.  If  the  operation  be  continuous,  as  is  generally  the  case, 
the  kiln  requires  to  be  filled  regularly  and  evenly  over  its  entire  area,  with 
due  attention  to  the  stratification  of  the  ore  and  fuel.  If  the  fuel  be  thrown  on 
irregularly,  a  portion  of  the  ore  is  not  thoroughly  calcined ;  if  thrown  on  in  ex- 
cess, not  only  is  fuel  wasted,  but  the  calcining  power  of  the  kiln  is  diminished. 


Digitized  by  VjOOQ IC 


OBJECT  OF  CALCINATION.  177 


It  is  necessary  also  that  there  should  be  considerable  uniformity  in  the  dimen- 
sions of  the  pieces,  otherwise  the  resulting  ore  will  be  more  or  less  imperfectly 
calcined.  To  ensure  successful  results,  the  operation  demands  unremitting 
attention  throughout. 

The  process  of  calcination  in  the  open  air,  as  pursued  in  several  districts, 
is  rude,  expensive,  and  incomplete.  Ore  is  first  thrown  on  a  levelled  space ; 
next  a  quantity  of  fuel  is  added;  then  more  ore  and  fuel  alternately,  until  a 
large  heap  is  formed.  It  is  now  ignited,  and  the  whole  allowed  to  bum  until 
the  fuel  is  consumed.  The  cooled  mass  is  dug  over,  and  the  calcined  ore 
wheeled  to  the  blast-furnace ;  while  such  portions  as  are  imperfectly  done  are 
placed  aside  for  a  second  operation. 

The  perfect  calcination  of  the  ore  results  in  the  expulsion  of  its  volatile 
constituents,  and  tlie  conversion  of  protoxide  into  peroxide  of  iron,  if  protoxide 
exist  in  the  original  ore.  The  volatile  substances  comprise  carbonic  acid, 
water,  sulphur,  and  organic  matter.  In  tlie  earthy  carbonates,  the  carbonic  acid 
forms  about  three-tenths  of  the  weight  of  the  ore ;  its  complete  expulsion,  there- 
fore, is  deemed  a  matter  of  essential  importance.  The  amount  of  water  varies 
with  the  character  of  the  ore :  the  hydrated  hsematites  of  the  oolitic  formations 
contain  12  to  16  per  cent. ;  the  haematites  of  Cumberland,  Dean  Forest,  and 
Ck>mwall,  5  to  10 ;  while  the  earthy  carbonates  of  the  coal-measures,  range 
from  2  to  5  per  cent.  To  expel  the  entire  quantity  of  water  chemically  com- 
bined, as  well  as  such  as  exists  in  the  hygroscopic  condition,  the  ore  requires 
to  be  heated  to  a  low  redness.  The  amount  of  sulphur  is  generally  small,  and 
is  only  partially  oxidized  during  the  process.  Carbonaceous  ore,  such  as  the 
(black  band)  ores  of  Scotland,  also  lose,  by  combustion,  a  large  amoimt  of 
coally  matter.  From  these  several  causes  the  loss  of  weight  by  calcination 
is  large — ^in  some  varieties  amounting  to  nearly  50  per  cent. 

Ihiring  calcination,  the  ore  gradually  loses  its  bluish-gray  colour ;  at  first 
it  deepens,  until  a  bluish-black  is  attained ;  the  latter,  in  its  turn,  gradually 
disappears,  and  gives  place  to  a  reddish-brown. 

If  a  large  imperfectly  calcined  nodule  fiom  the  coal-measures  be  broken, 
the  outer  portion  displays  the  reddish-brown  tint,  gradually  passing  through 
a  blackish  colour  into  the  original  bluish-gray  at  the  centre.  In  this  central 
portion,  yet  unacted  upon  by  the  fire,  the  iron  is  in  its  original  state  of  car- 
bonate of  the  protoxide  :  the  blackish  portion  contains  the  metal  as  the  mag- 
netic oxide,  while  the  outer  portion  has  been  thoroughly  peroxidized.  The 
expulsion  of  the  carbonic  acid,  and  the  oxidation  of  the  ore  to  the  state  of 
magnetic  oxide,  is  effected  at  a  comparatively  low  temperature ;  but  the  further 
rapid  oxidation  of  the  ore  to  the  condition  of  peroxide,  appears  to  require  a 
high  temperature — one  approaching  that  of  the  blast-furnace. 

As  a  general  rule,  ores  of  the  same  formation  are  best  calcined  together, 
in  preference  to  an  admixture  with  ores  from  other  formations.  If  a  particu- 
lar ore  should  contain  much  sulphuret,  it  ought  to  be  treated  by  itself,  lest 
the  sulphurous  acid  produced  should  contaminate  ores  which  are  cleaner. 

The  separation  of  the  sulphur,  when  existing  as  sulphuret  or  bi-sulphide 
of  iron,  may  be  greatly  facilitated  by  introducing  a  jet  of  high-pressure  steam 
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to  the  ore,  along  with  a  sufficiency  of  atmospheric  air  while  at  the  highest 
temperature  of  the  calcining  fdmace.  The  sulphur  passes  off  as  sulphuretted 
hydrogen,  while  the  metal  remains  oxidized. 

Reduction  of  the  Ore  to  Metallic  Iron. 

This  is  conducted  in  two  ways — ^first,  by  deoxidizing  rich  ores,  at  a  suffi- 
ciently high  temperature  for  the  particles  to  cohere,  so  as  to  be  incorporated  into 
a  bloom  by  repeated  hammering — a  mode  tmiversally  followed  at  one  period, 
and  still  practised  by  all  semi-civilised  nations;  secondly,  by  deoxidizing 
the  ores,  and  by  fusion  along  with  a  flux,  whereby  the  zhetal  separates  by  its 
superior  specific  gravity,  as  in  liquid  cast-iron — a  process  followed  by  all  na- 
tions manufacturing  considerable  quantities  of  iron. 

It  is  not  improbable  that  the  smelting  appliances  of  the  ancient  Briton 
were  similar  to  those  now  used  by  some  of  the  nations  of  Central  Africa,  as 
described  in  Park's  travels.  The  native  African  builds  a  small  furnace  of  clay, 
about  three  feet  diameter,  and  nine  feet  high,  wattled  around  to  prevent  its 
cracking  to  pieces  during  the  blowing.  At  the  bottom  it  is  famished  with  a 
number  of  small  orifices,  into  which  clay  tuyere-pipes  are  firmly  luted  with 
the  same  material.  These  pipes  are  formed  around  a  central  core  of  wood, 
strengthened  by  strips  of  grass,  and  dried  in  the  sun.  The  bellows,  wliich  are 
made  of  goatskin,  apx)ear  to  be  used  merely  for  commencing  and  diffusing 
the  heat  through  tlie  fuel,  the  furnace  being  afterwards  urged  by  tlie  great 
indraught  of  air  through  the  clay  tuyere-pipes.  The  filling  of  the  fiimace  is 
conducted  with  commendable  regularity :  first  a  quantity  of  diy  brushwood, 
then  alternate  layers  of  charcoal  and  broken  ore  up  to  the  top,  the  charcoal 
being  in  excess.  As  the  charge  descends,  farther  quantities  of  charcoal  are 
added  until  the  end  of  the  third  day,  when  the  tuyere-pipes  are  withdrawn, 
and  the  air  allowed  free  access  to  cool  the  furnace.  When  quite  cold,  part  of 
tlie  front  of  the  furnace  is  removed,  and  the  reduced  metal  which  had  accu- 
mulated at  the  bottom  taken  out. 

The  ore  used  in  tliis  primitive  famace  appears  to  be  a  nearly  pure 
peroxide  of  iron ;  from  wliich  circumstance,  and  the  purity  of  tlie  charcoal 
used,  the  resulting  moss  has  little  cinder  adhering  to  it.  Exposed  also  to 
the  deoxidizing  influence  of  numerous  currents  of  air,  it  partakes  of  the 
character  of  steel,  and  requires  repeated  forgings  to  fashion  it  into  articles  of 
utility. 

The  Hottentots  of  Southern  Afiica  manufacture  small  quantities  of  iron 
for  fabrication  into  their  rude  instruments  of  warfare.  Their  fiimace  is  of  a 
conical  form,  built  of  a  clay  which  becomes  extremely  hard  and  refiractoiy  after 
burning ;  an  opening  is  left  at  the  top,  for  the  admission  of  the  ore  and  fuel,  and 
escape  of  the  gases,  and  other  openings  occur  at  bottom  for  Hie  insertion  of  the 
clay  nozzle  of  the  rude  bellows,  made  of  goatskin.  These  are  worked  by  alter- 
nately distending  and  compressing  them  by  the  hand.  The  ore  employed  is  a 
rich  oxide,  with  which  the  furnace  is  supplied  along  with  charcoal  fuel,  until  a 
sufficient  quantity  of  metal  has  accumulated.    When  the  operation  has  ter- 
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minated,  a  Inmp  of  metal  of  a  pasty  consistence  is  extracted  from  the  hearth, 
and  converted  to  its  purpose  with  immense  labour. 

The  nations  of  India  have  for  a  very  long  period  been  in  the  habit  of 
smelting  cast-iron.  Those  resident  in  the  southern  part  of  the  continent,  use 
small  furnaces  about  five  feet  high  by  two  feet  wide  in  their  largest  diameter. 
The  material  is  well-tempered  clay,  which  appears  to  withstand  the  action  of 
the  fire,  equally  well  with  the  best  EngKsh  fire-clay.  Bellows  for  supplying  the 
blast,  are  made  of  a  pair  of  goatskins,  which  deliver  the  air  into  a  clay  tuyere- 
pipe,  the  point  of  which  projects  considerably  into  the  furnace.  After  under- 
going a  slight  drying  in  the  sun,  the  fiimace  is  partially  filled  with  charcoal 
and  ignited  at  the  bottom.  The  ore  used  is  the  magnetic  oxide,  combined 
with  variable  proportions  of  quartz,  from  which  it  is  separated  by  pounding 
and  washing ;  it  is  moistened  with  water,  to  prevent  its  too  rapid  descent 
amongst  the  interstices  left  by  the  charcoal,  with  which  it  is  charged  in 
regular  rotation.  The  blast  is  directed  into  the  furnace  for  a  few  hours, 
effecting  the  metallization  of  tlie  ore  with  the  combustion  of  the  fuel ;  when 
the  process  is  complete.  A  portion  of  the  furnace  is  now  taken  do^vn,  and 
the  cake  of  metal  extracted.  To  separate  any  extraneous  matter,  it  is  beaten 
with  mallets  and  cut  into  halves,  the  better  to  show  its  quality. 

The  natives  of  the  Himalayan  ranges  smelt  small  quantities  of  ore  in 
a  modification  of  the  preceding  furnace.  The  height  of  the  furnace,  which 
is  built  of  clay,  is  nearly  the  same  as  the  southern  furnace,  but  the 
diameter  is  only  about  one-half;  it  is  supported  over  a  fire-place  upon 
a  stone  pedestal.  The  magnetic  oxide  of  iron  is  mixed  with  charcoal 
and  filled  into  the  furnace,  where  it  is  reduced  by  the  alternate  action  of 
two  goatskin  bellows,  and  eventually  tapped  through  an  orifice  in  the 
bottom. 

The  Persian  method  of  smelting  differs  from  both  Afiican  and  Indian. 
Rich  ores,  of  the  magnetic  oxide  and  red  haematite  classes,  are  common  in 
tliat  country,  where  the  manufiEicture  was  early  established.  The  hearth,  in 
which  the  reduction  of  the  ore  is  effected,  is  about  15  inches  square  at  bottom 
by  12  inches  deep,  and  is  partly  excavated  out  of  the  clay  floor  of  tlie  hut  in 
which  the  operation  is  performed.  Into  a  clay  tuyere-pipe,  bmlt  in  a  low 
^vall,  which  forms  one  side  of  the  hearth,  the  nozzle  of  a  pair  of  bellows,  which 
constitute  the  blowing  apparatus,  is  inserted.  The  smelting  hearth  is  sepa- 
rated from  a  deeper  and  larger  hearth,  into  which  the  cinder  runs  over  a  dam 
of  powdered  charcoal  and  cinder  from  previous  workings.  The  hearth  is 
covered  with  a  chimney,  passing  through  the  roof  of  the  hut.  In  smelting, 
the  clean  ore,  of  the  size  of  hazel  nuts,  is  filled  into  the  smaller  hearth,  along 
with  a  due  proportion  of  charcoal.  The  filling  of  the  hearth  is  completed 
with  a  layer  of  charcoal,  and  the  reduction  proceeded  with.  After  igniting 
the  charcoal,  the  bellows  are  urged  to  the  delivery  of  a  stream  of  blast  until 
one  side  of  the  enclosed  ore  Is  thoroughly  deoxidized  and-  softened  into  a 
pasty  state,  when  it  is  turned  round  se  as  to  expose  the  other  portion  to  the  blast, 
?vnd  the  bellows  finally  urged  to  their  utmost  power.  The  blast  is  continued 
for  about  three  hours,  when  the  charge  of  ore  will  have  been  reduced  to  a 
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semi-fluid  mass.  At  this  stage  the  dam  is  taken  do\iii,  and  the  mass  of  re- 
duced iron  in  the  hearth  is  detached  from  the  sides  and  hottom.  It  is  then 
lifted  from  the  hearth  on  to  the  floor,  where  it  is  heaten  with  hammers  to 
expel  the  cinder  that  may  have  lodged  in  the  interstices  of  the  bloom,  pre- 
paratory to  a  more  regular  hammering  on  the  anyil. 

The  ore — a  mixture  of  the  magnetic  oxide  and  finest  red  haematite  well- 
cleaned — contains  nearly  70  per  cent,  of  metal ;  but  in  the  hearth  the  produce 
averages  only  50  per  cent,  of  finished  blooms,  with  a  consumption  of  3  of 
chai'coal  to  1  of  iron  produced.  The  make  of  hearths  of  this  size,  amounts 
to  about  100  lbs.  daily,  of  a  metal  which  is  subsequently  converted  into  steel 
of  excellent  quality. 

The  Catalan  forge,  an  improved  form  of  the  Persian  low-blast  furnace,  is 
common  on  the  Continent,  ako  in  the  States 
of  North  America.  It  consists  of  a  low  erec- 
tion of  stonework,  about  seven  feet  square,  with 
a  fire-place  in  one  comer,  surmounted  with  a 
flue  and  hood  similar  to  old-fashioned  smithy 
fires.  The  fire-place,  or,  more  properly,  hearth, 
is  about  two  feet  square  at  top,  and  a  little 
more  than  half  that  depth,  lined  with  refrac- 
tory fire-stone,  cemented  with  clay,  and  so  ar- 
ranged that  damp  may  not  ascend  to  the 
bottom  stone.  The  blast  is  produced  by  a 
pair  of  ponderous  wooden  bellows,  driven  by  a 
water-wheel,  and  delivering  the  air  through  a 
conical  tuyere  iron  in  the  back.  Beduction  of 
tlie  ore  to  a  metallic  state  is  effected  nearly 
in  the  following  manner : — The  hearth  being 
lined  ^vith  charcoal-dust,  and  the  charge  of 
ore  placed  against  and  above  the  side  farthest  from  the  blast ;  the  interven- 
ing space  is  filled  with  charcoal,  which  is  heaped  up  against  the  tuyere  wall 
to  a  height  of  two  or  three  feet.  At  first  a  light  stream  of  blast  is  directed 
upon  the  incandescent  fuel ;  when  it  has  been  applied  about  two  hours,  a 
portion  of  the  ore  will  have  been  reduced  at  the  bottom,  forming  a  pasty 
mass  of  semi-fluid  iron ;  afterwards  a  stronger  blast  is  employed,  and  the 
unreduced  portions  iTrought  within  its  influence.  In  a  short  time  the  iron  is 
completely  reduced,  and  tlie  cinders  run  off  through  a  tapping-hole,  leaving 
the  mass  of  iron  in  the  hearth.  This  is  quickly  lifted  by  iron  bars  to  such  a 
position  before  the  blast,  that  the  intense  heat  thrown  on,  agglutinates  its 
particles  into  a  bloom  of  ten  or  twelve  inches  diameter ;  it  is  then  taken  to 
the  hammer,  shingled,  and  eventually  converted  into  hammered  bars  or 
into  steel. 

Much  of  the  success  of  this  operation  depends  on  the  skill  of  the  attendant 
workman.  The  resulting  metallic  mass  is  composed  of  iron  in  the  several 
states  (by  chemical  analysis)  of  malleable  iron,  cast-iron,  and  steel;  the 
relative  proportions  are  controlled  by  the  mode  of  blowing  and  charging  the 


Catalan  Furnace. 


Digiti 


ized  by  Google 


THE   BI8CAYAN   FUBNAOE. 


181 


hearth.  When  slowly  conducted  with  an  elevated  tayere,  the  production  of  steel 
is  considerable ;  a  more  rapid  reduction  produces  iron  in  larger  quantity. 

The  ore  for  use  in  this  furnace  requires  to  be  clean  and  comparatively 
free  from  extraneous  matters ;  eartiiy  carbonates  and  the  majority  of  the  ores 
prevailing  in  England  cannot  be  profitably  reduced  in  such  furnaces.    The 
ores  are  sometimes  subjected  to  calcination,  but  oftener  used  in  the  raw  state. 
The  Biscayan  forge  is  very  similar  to  tiie  Catalan,  a  modification  of  which 
is  here  given,  representing  a  high-blast  furnace, 
where  the  blast  is  diivcu,  as  represented,  by 
means  of  water-power ;  A  beuig  the  reser\'oir 
in  which  the  water  is  collected  from  the  neigh- 
bouring heights,  G  and  F  pipes  through  which 
the  air  is  forced  by  tlxe  falliiig  water  B,  T  the 
tuyere,  c  d  a  section  of  the  furnace,  and  D  an 
outlet  for  the  waste  water.     It  is,  as  are  all 
furnaces  of  its  class,  available  only  in  distiicts 
where  wood  fuel  is  abundant  and  cheaply  ren- 
dered.    The  ore  is  calcined  and  sifted,  the 
emaUer  dust  being  set  aside  for  subsequent  use 
in  tlie   operation.     When   charged  into  the 
hearth,  it  tills  about  one-tliud  of  the  space  ; 
the  remaining  two  thirds  beiiig  tilled  with  char- 
coal.    To  soUdify  the  ore,  it  is  covered  ynih 
moist  cinders  mixed  witli  clay.    A  moderate 
blast  is  kept  up  for  about  two  hours,  after 
which  it  is  increased  nearly  to  fusion.  The  work- 
men are  employed,  some 
ill  pressing  down  char- 
coal, as  the  former  sup- 
ply burns  away,  thus 
keeping  the  hearth  fuU, 
and      pre- 
venting the 
crumbling 
of  the  ore; 
others      in 
detaching 
the    pieces 
of  orQ  from 
the     sides, 

and  placing  them  in  front  of  the  blast ;  and  in  regulating  the  consistence  of 
the  cinder  by  adding  more  or  less  of  the  fine  siftings,  well  watered,  to  prevent 
their  blowing  away  with  the  current  of  gases.  If  the  cinder  is  too  thin,  the 
quantity  of  ore-siftings  added  is  increased;  if  too  thick  and  viscid,  it  is 
iliminished.  The  excess  of  cinder  produced  is  permitted  to  escape  through 
an  aperture  left  for  the  purpose.    The  operation  lasts  about  six  hours,  and 
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results  in  the  production  of  a  lump  or  bloom  of  iron,  varying  from  200  to 
400  lb.  in  weight,  from  rather  more  than  twice  this  quantity  of  ore. 

Although  accustomed  to  look  on  the  AMcan  and  Persian  furnaces  as  rude 
and  imperfect  appliances,  compared  with  the  high-blast  furnace,  their  work- 
ing involyes  similar  chemical  changes ;  great  attention  is  required  to  be  paid 
throughout;  while  it  must  be  admitted  that  the  products  it  yields,  aHer  re- 
manufacture,  are  the  finest  known  samples  of  the  metal.  With  the  hi^h-Uast 
furnace,  iron  is  reduced  in  large  quantities,  and  from  ores  of  an  inferior  descrip- 
tion ;  but  in  the  Persian  hearth,  the  metal  is  reduced  in  a  tenth  of  the  time  : 
and  even  this  rapid  rate  of  reduction  is  followed  by  the  production  of  a  re- 
markably fine  metal.  The  great  purity  of  the  ore  wrought  in  these  small 
furnaces,  and  the  quality  of  the  charcoal  employed  as  fuel,  doubtless  operate 
much  in  favour  of  the  quality.  Yet,  looking  at  all  the  circumstances  connected 
with  them,  it  must  be  conceded  that  the  native  African  and  Indian  have,  im- 
assisted  by  science,  attained  very  respectable  proficienc^i  in  the  working  of 
iron,  so  far  as  quality  ^  concerned. 

The  theory  of  the  blooming-furnace  is  not  well  settled.  If  the  ore  be  a 
hsematite,  or  a  magnetic  oxide,  calcined ;  ore  piled  up  on  the  heardi  opposite 
the  tuyere  will  contain  tlie  iron  in  the  state  of  peroxide.  The  oxygen  of  the 
blast  entering  through  the  tuyere,  unites  with  the  carbon,  foiming  carbonic 
acid ;  this  gas,  some  writers  maintain,  is  immediately  converted  into  carbonic 
oxide.  The  experiments  on  this  head  are  veiy  inconclusive :  in  some  cases, 
it  is  stated  that  the  carbonic  acid  occupies  a  space  of  twq  or  three  feet  from 
the  entrance  of  the  air ;  in  others,  that  it  is  only  the  same  number  of  inches. 
Without  stopping  to  speculate  as  to  the  exact  distance  to  wliich  it  extends,  it 
may  be  remarked  that  the  small  size  of  the  ore  invariably  used,  greatity  facili- 
tates the  reduction.  The  carbonic  oxide  (and  perhaps  solid  carbon)  acting 
on  the  oxygen  of  the  peroxide,  converts  the  ore,  first  into  the  magnetic  oxide, 
then  into  the  protoxide ;  and  finally,  with  the  abstraction  of  the  last  equivalent 
of  oxygen,  into  metallic  iron.  Although  diroM  experiment  is  required  to  settle 
the  point,  it  is  highly  probable  that  during  ^e  first  two  hours  of  bloifiing ; 
when  a  weak  stream  of  blast  is  found  most  advantageous  to  the  process,  car- 
bonic oxide  is  a  principal  result  ol  the  smothered  combustion ;  and  this  gas, 
reacting  for  such  length  of  timo  on  a  pulverized  ore,  effects  its  complete  de- 
oxidation.  The  subsequent  increase  of  temperature  causes  the  grains  of 
reduced  iron  to  agglutinate  together,  as  in  the  puddling  process,  into  a  bloom 
capable  of  being  moulded  under  the  hammer. 

It  will  be  seen  that  only  a  very  small  quantity  of  iron  is  reduced  to  the 
liquid  .state  of  crude  cast-iron ;  the  mass  is  merely  deoxidized,  and  passes, 
by  repeated  manipulations,  into  the  state  of  wroughtiron.  To  enter  at  once 
into  this  state,  involves  the  existence  of  a  degree  of  purity  unattainable  in  any 
blast-furnace,  and  seems  to  point  to  the  incorrectness  of  the  views  generally 
held  respecting  the  utility  of  particular  modifications  of  the  common  foim  of 
blast-furnace ;  the  consideration,  however,  of  this  subject,  must  be  deferred  till 
we  come  to  the  blast-furnace. 

A  modification  of  this  process  has  lately  been  experimentally  tried  in  the 
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United  States ;  some  few  years  since  a  similar  modification  received  a  trial  in 
ibis  conntiy.  In  this  modification  of  the  old  method  of  produdng  wrought- 
ikon  direct  from  the  ore,  the  latter  is  placed  along  with  about  25  per  cent,  by 
weight  of  gronnd  carbonaceons  matter,  in  a  chamber  attached  to  a  common 
leyerberatoiy  fdmace,  so  as  to  be  heated  by  the  flues.  The  carbonaceous 
matter  deprives  the  ore  of  its  oxygen,  which  is  then  drawn  into  the  chamber 
of  a  puddling-fnmace ;  and  puddled,  balled,  and  shingled  in  the  usual  manner. 
The  process  is  simply  a  modification  of  the  Catalan  hearth, — ^natural  draught 
by  a  chimney  and  mineral  fuel,  being  substituted  for  the  blast  and  charcoal 
fdel  of  the  latter.  Tiie  ore  is  easily  deprived  of  a  portion  of  its  oxygen ;  but 
the  last  equifaleat  ofings  to  it  with  great  tenacity,  and  requires  a  high 
temperature  to  elfeot  its  removoF  with  rapidity.  The  process  is  entixely 
iaapplicable  to  the  poeier  ores  of  the  coal  formations,  and  appears  to  be 
more  expensive  both  in  labour,  and  fuel,  than  the  method  ordinarily  pursued 
in  the  reduction  of  the  ore  to  malleable  iron. 

Hiijh'hiwt  Furnace. 

The  modem  Uast-smelting  fumaoe,  in  which  the  iron  ore  is  converted  into 
metallic  iron,  is  a  large  and  careftilly-built  structure,  in  the  interior  of  which, 
complicated  chemical  processes  of  gnmt  magnitude  are  constantly  being  solved 
with  rapidity  and  completeness.  The  interior  of  the  furnace  is  usually  of  a 
circular  form,  approaching  in  sectianal  elevatioa  to  the  figiu*e  presented  by  two 
frnstmms  of  cones  joined  at  their  mf^or  diameters.  The  interior  is  lined 
with  fire-brick  or  refractory  fire-stone ;  and  an  outer  casing  of  brick  or  stone 
is  generally  added. 

One  of  the  objects  in  the  construction  of  furnaces  is  to  condense  the 
heat  into  the  smallest  possible  space,  in  order  to  diminish  the  surface  of  the 
apparatus,  and  consequently  the  radiating  surface.  As  regards  chimneys, 
heat  being  the  object  sought,  it  ought  to  be  preserved ;  the  walls  therefore 
cannot  be  too  tiiick  or  carefully  built.  The  height  is  not  important,  provided 
it  rises  over  the  buildings,  and  is  sufficiently  high  to  secure  entire  combustion, 
and  carry  the  carbonic  acid  gas  which  escapes  beyond  the  reach  of  doing 
harm.  In  all  metalluigio  operations  it  is  essential  that  the  chimney  be  wide 
oiongh  for  the  escape  of  the  hot  gases  produced ;  these  gases,  generated  from 
difierent  kinds  of  fiiel,  are  never  equal  in  their  composition.  Wood  and  bitu- 
minous coal,  containing  water,  generate  a  large  quantity  of  steam,  besides  car- 
bonic acid ;  while  anthracite  and  charcoal  generate  chiefly  the  latter,  of  a  specific 
gravity  of  1'52.  It  is  evident  that  a  greater  degree  of  heat  is  required  to  render 
this  product  of  the  same  specific  gravity  as  the  atmosphere,  and  set  the  gases 
in  motion ;  hence  the  conclusion  is  drawn  by  some  authors  that  a  chimney 
for  bituminous  coal  requires  to  be  larger  than  one  for  either  wood  fuel, 
anthracite,  or  charcoal. 

In  order  to  economise  the  heat,  the  interior  of  the  chimney  shoidd  be  per- 
fectly smooth — the  bricks  so  fan  refractory  as  to  resist  vitrification  or  melting 
under  the  heat  to  which  they  are  exposed.  The  accompanying  figure  shows 
the  vertical  section  of  a  modern  blost-fttmaoe,  where  the  masonry  is  ccmstructed 
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of  rough  sandstone.  The  interior  is  formed  of  fire-proof  materials,  either 
sandstone  or  fire-brick.  It  is  also  important  to  have  efficient  means  of  drain- 
age, as  it  is  desirable  that  the  bottom  part  of  the  furnace  should  be  dry  and 
warm.  At  the  bottom,  orifices  are  constructed  in  the  brickwork  for  the 
insertion  of  the  blast-pipes, 
and  one  in  front  for  the 
discharge  of  the  liquid  iron 
and  cinder;  the  latter  es- 
capes over  a  dam-stone  or 
plate,  the  top  of  which  is 
nearly  on  a  level  with  the 
under  side  of  the  blast- 
pipes.  The  orifice  for  the 
metal,  on  a  level  with  the 
bottom  or  hearth  of  the 
furnace,  is  closed  between 
the  castings  by  a  lute  of 
fire-clay  or  sand ;  those  for 
the  admission  of  the  com- 
pressed air  ore  lined  with 
sheet  or  cast  tuyere-irons, 
kept  cool  by  a  small  current 
of  water  circulating  in  the 
metal.  Compressed  air,  or 
"  blast"  as  it  is  commonly 
called,  is  brought  from  the 
blowing  engines  in  large 
metal  pipes,  from  which 
smaller  pipes  branch  off  to 
each  of  the  tuyere  orifices  in  the  furnace,  where  they  terminate  in  the 
tuyere-iron  in  a  shghtly  tapered  pipe.  The  top  is  open,  with  the  exception 
of  a  brick  chimney,  pierced  with  openings  for  the  insertion  of  the  materials, 
to  protect  the  attendant  workmen  from  the  intense  heat.  The  exterior  of 
the  furnace  is  variously  shaped  :  square  is  a  very  genei-al  form  in  Wales, 
where  building-stone  is  inexpensive  ;  while  the  square  base  and  circular  top 
is  tlie  prevailing  form  in  Staffordshire  and  Scotland.  As  a  general  rule,  the 
exterior  form  is  perfectly  immaterial  to  the  working  of  the  frimabe,  so  long  as 
it  prevents  the  radiation  of  heat,  and  is  bored  in  such  a  manner  as  to  retain 
its  form  unaltered  under  great  changes  of  temperature. 

The  dimensions  of  blast-fiimaces  vary  greatly ;  and  the  several  propor- 
tions of  the  interior,  on  which  much  undoubtedly  depends,  are  made  without 
any  rule  or  method.  This  inattention  to  general  principles  is  not  confined  to 
England.  In  the  North  American  States,  where  the  iron  trade  has  advanced 
with  strides  almost  equally  rapid,  furnaces  working  on  similar  minerals 
are  built  of  all  dimensions  between  8  and  22  feet  diameter ;  in  the  height, 
greater  regularity  is  observed ;  the  extreme  range  in  that  country  lying  between 
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30  and  45  feet.  In  England  the  furnaces  range  between  9  feet  diameter  by 
25  high,  the  smallest  of  the  anthracite ;  to  20  diameter  by  50  high,  the  largest 
in  other  districts.  The  throat  of  modem  furnaces  is  comparatively  large,  a 
proportion  of  one-half  of  the  largest  diameter  being  now  common.  A  similarly 
large  throat  is  seen  in  the  anthracite  furnaces  of  America ;  but  the  charcoal 

furnaces  work  with  small 

p, ^  throats,  often  not  more 

^^^  — ™—  ^Qj^  20  or  80   inches. 

The  exterior  size  of  fur- 
naces is  subject  to  the 
same  caprice  as  the  in- 
terior. Forty  feet  is  a 
common  size  at  base,  but 
they  may  be  seen  as  small 
as  20,  and  so  large  as  50 
feet. 

The  situation  of  the 
furnaces  in  the  neigh- 
bourhood of  steep  hills, 
has  been  taken  advan- 
tage of  in  Wales  to  bring 
the  materials  on  to  the 
top  without  recourse  to 
machinery.  In  Stafiford- 
shire  and  other  districts, 
in  the  absence  of  similar 
natural  advantages,  vari- 

Blaat-faniace  and  Pneumatic  Lift.  ^^^  iqppliances  have  been 
employed  in  the  elevating  of  the  materials  to  the  level  of 
tlie  furnace.  Old  furnaces  are  commonly  wrought  with 
au  inclined  plane,  canning  rails,  over  which  a  platform 
carriage  is  moved  by  stationary  power.  Water-power  is 
applied  to  a  limited  extent ;  and  the  pressure  of  tlie  blast 
en  a  piston,  connected  "vvitli  multiplying  gearing,  may  be 
seen  in  operation  at  one  or  two  places.  The  most  effective 
as  well  as  inexpensive  of  these  appliances  appears  to  be 
the  veil  and  pneumatic  cylinder,  an  apparatus  capable 
of  lifting  veiy  large  quantities  to  any  required  height. 
It  usually  consists  of  a  brick  well,  in  the  rear  of  the  fur- 
nace, a  few  feet  deeper  than  the  height  of  the  furnace,  in 
which  a  wrought- iron  tube,  4  or  5  feet  diameter,  open  at 
the  bottom,  but  closed  at  the  top,  works  up  and  down  in 
suitable  guides.  A  pipe  from  the  engine  main,  passes 
down  to  the  engine  well ;  and  turning  up  inside  the  tube, 
is  brought  nearly  on  a  level  \\ith  the  surface.  The  pipe 
has  a  suitable  Talve  to  regulate  and  stop  the  admission  of  blast.    Water  iiUs 
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the  well  to  within  a  few  feet  of  the  stir&ce,  forming  an  air-tight  joint  aroond 
the  pipe,  in  its  ascent  and  descent.  The  upper  end  of  the  tube  is  furnished 
with  an  outlet-yalve,  and  also  carries  a  platform,  on  which  the  loaded  barrows 
are  oipported.  This  platform  works  in  a  framework  of  guides ;  and  its  weight, 
and  that  of  the  tube,  are  nearly  balanced  by  weights  attached  to  chains  passing 
over  pulleys  at  the  top. 

The  working  of  the  apparatus  is  extremely  simple.  The  admission-yalve 
is  opened,  and  the  blast  passing  through  the  pipe,  presses  against  the  closed 
end  of  the  tube,  with  a  force  proportional  to  its  density,  and  the  horizontal 
area  exposed  to  its  action.  Assuming  the  tube  to  be  5  feet  in  its  interior 
diameter,  and  the  pressure  of  l^e  blast  3  lbs.  to  the  square  inch,  it  will  rise 
with  a  force  of  848 1  lbs.  On  arriving  at  the  required  elevation,  liie  farther 
admission  of  blast  is  shut  off,  and  by  its  elasticity,  the  portion  in  tfeie  interior 
buoys  up  the  tube  until  the  barrows  are  emptied  into  the  furnace,  when  the 
descent  is  accomplished,  by  opening,  more  or  less,  the  outlet-valve  on  the  tube ; 
the  escape  of  the  confined  blast,  by  diminishing  the  resistance,  aUows  it  to 
descend.  The  rate  of  descent  is  regulated  at  pleasure  by  the  eseape-valve, 
which  is  made  of  such  a  size,  relatively  to  the  tube,  that  when  full  open,  the  unin- 
terrupted flow  of  blast  will  not  be  sufficient  to  produce  an  injurious  velocity. 

The  "  blast"  for  urging  the  blast-furnace  is  commonly  generated  by  powerful 
steam-engines,  working  metal  cylinders,  fitted  with  the'  requisite  pistons  and 
valves  for  the  admission  of  the  air  and  delivery  of  the  blast.  In  the  United 
States,  and  some  parts  of  Germany,  wooden  blowing-machiaes,  driven  by 
water-power,  are  very  general,  though  greatly  inferior  in  point  of  efficiency  to 
the  steam-engine  and  metal  cylinder.  Water-power  was  formerly  much  em- 
ployed in  England  ;  but  the  frequent  deficiency  of  water,  in  summer,  has  caused 
L;  to  be  superseded  by  steam,  even  in  the  most  favourable  localities  The  sim- 
plest form  of  engine,  with  due  regard  to  regularity  of  working,  is  the  beam 
high-pressure,  having  a  heavy  fly-wheel  to  cany  it  over  centres.  The  propor- 
tions of  the  parts  belonging  to  the  steam-end  are  made  considerably  heavier  and 
stronger  than  for  ordinary  steam-engines,  with  a  view  of  removing  all  risk  of 
accident  from  weakness :  tiaa  blowing  cylinder  ia  usually  about  twice  the  area 
of  the  steam  cylinder.  With  these  proportions,  and  high-pressure  steam,  the 
engine  wlli  be  perfectly  able  to  compress  the  blast  to  a  pressure  of  G  or  7  lbs. 
to  the  square  inch,  though  in  practice  8  lbs.  is  a  more  common  pressure.  In 
erecting  a  blowing-engine,  however,  it  is  best  to  have  a  surplus  of  power 
on  the  steam  si^e,  in  case  a  high  pressure  of  blast  should  at  any  time  seem 
advisable. 

The  size  of  the  blowing-engine  will  depend  on  the  number  of  blast-furnaces 
in  operation,  and  the  quantity  of  iron  which  it  is  sought  to  obtain  from  them. 
If  l^e  fiimaces  are  small,  and  working  on  gray  crude  iron,  a  blowing-engine 
of  the  largest  class,  viz.  with  a  twelve-feet  blowing-cylinder,  will  suffice  for 
ten  or  twelve ;  with  larger  furnaces,  working  on  white  crude  iron,  the  same 
engine  will  suffice  for  seven  or  eight  fumaoes,  and  the  usual  comptement  of 
blast  refineries.  To  blow  so  many,  ho^wvev,  it  is  necessary  that  the  engine 
should  be  driven  at  a  minimum  speed  of  400  feet  per  minute,  ieuid  be  furnished 
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with  snfficienilj  large  mams,  and  nmnerons  and  sofficiently  large  blast  and 
deliTexy  valyes. 

Where  qiiantity  is  songht  irreapectiTe  of  qualify,  a  modem  invention  for 


-i — "-T — ^      I       I      '       I       :      r 
Klevatton  of  Uigh-pressore  Blowiiig-eiigia^. 


heating  the  blast  is  very  generally  adopted.  Over  a  fire-place  a  series  of 
cast-iron  pipes  of  an  arched  form  are  mounted  on  two  horizontal  pipes,  in  the 
one  of  which  cold  air  enters,  and,  passing  throngh  the  arched  pipes,  absorbs 
firom  the  heated  metal  a  large  accession  of  temperature  before  entering  the 
ftimace  By  placing  over  the  fire-place,  the  requisite  mmiber  of  arched  pipes, 
a  suffidenily  large  Bxaiace  is  exposed  to  the  action  of  the  fire  underneath,  to 
heat  the  blast,  in  its  rapid  passage,  to  a  temperature  equal  to  the  melting-point 
of  zinc.  In  the  earlier  furnaces  to  which  the  invention  was  applied,  a  large 
pipe  was  exposed  to  the  fire,  several  yards  in  length ;  but  the  low  temperature 
to  which  the  blast  was  heated  led  ultimately  to  the  adoption  of  a  number  of 
aaoialler  pipes  of  a  sectional  form,  ofieiing  a  large  surface  to  the  heat ;  through 
these  pipes  the  blast  is  forced  in  a  number  of  thin  streams.  With  this  provision, 
from  the  rapid  rate  at  which  the  blast  is  propelled,  namely,  fiom  3000  to  GOOO  feet 
per  minute,  or  35  to  70  miles  per  hour;  it  is  apparent  that  atmospheric  air  is 
capable  of  receiving  an  accession  of  nearly  700  degrees  of  temperature  in  less 
than  one  second  of  time — a  rapidity  perfectly  marvellous,  compared  with  the 
general  slowness  of  natural  phenomena. 

The  arrangements  followed  in  the  production  of  crude  iron  with  the  high- 
Uast  fomace,  consist  in  filling  into  the  throat  at  top ;  ore,  ftiel,  and  flux,  and 
soppljring  blast  through  the  tuyere  orifices  at  bottom.    The  combustion  of 
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the  fuel  generates  a  sufficiently  high  temperature,  to  fdse  the  a^'acent  pieces  of 

ore,  and  flux,  thus  liberating  metallic  iron,  which  descends  into  the  lower 

hearth,  from  whence  it  is  allowed  to  flow 

away  through  the  tapping-hole  at  stated 

times  in  the  day.    The  lighter  portions  of 

the  liquid  matter,  comprising  the  cinder, 

floats  on  the  metal,  and  flows  over  a  notch 

in  the  dam- stone  into  a  suitable  receptacle, 

so  as  to  solidify,  previous  to  removal.    The 

attendants  at  top  have  to  fill  regularly  and 

evenly,  over  all  the  mateiialin  the  furnace, 

as  £Eist  as  it  descends  by  fusion ;  while  those 

at  the  bottom  are  occupied  in  withdrawing 

Uie  metal,  attending  to  the  cinder,  and 

clearing  tlie  tuyere  orifices,  so  that  no  ob- 

sti-uction  maybe  opposed  to  the  entrance  of 

the  blast. 

Consumption  of  Material. 

The  quantity  of  ore  required  to  produce 
a  ton  of  iron  varies  with  its  richness.  Of 
the  earthy  carbonates  of  the  coal-measures, 
and  the  ores  of  the  oolitic  formation, 
there  are  required  about  60  cwts. ;  of  the  hsematites  of  Dean  Forest  and 
Cornwall,  about  46  cwts. ;  while  of  the  Lancashire  and  Gimiberland  ore, 
38  to  40  produce  a  ton  of  iron.  The  fuel  ranges  from  30  to  50  cwts.  and 
upwards,  depending,  partly  on  the  quality  and  hardness,  but  more  on  the 
economy  of  the  furnace.  The  flux  for  the  earthy  carbonates  consists  of  lime- 
stone or  chalk,  added  at  the  rate  of  12  to  18  cwts.  per  ton  of  iron ;  for  the 
calcareous  ores  of  the  mountain  limestone  formation,  shale  bands  of  the 
coal-measure  are  used  fDr  the  formation  of  a  sufficiently  fluid  cinder.  This 
substance  is  also  added  to  the  rich  hsematites,  to  compensate  for  the  deficiency 
of  earthy  matters  for  forming  the  necessary  cinder.  The  quantity  of  solids 
thus  charged  into  the  top,  amounts,  on  an  average,  to  6  tons  for  every  ton  of 
crude  iron  obtained. 

The  quantity  of  air  blown  into  the  bottom  of  the  frimace  may  be  estimated 
by  weight  at  13  tons  for  each  ton  of  iron  made ;  whence  it  follows  that  the 
total  weight  of  the  solids  and  gases  brought  into  action  in  the  reduction  of 
one  ton  of  iron,  amounts  to  19  tons.  In  the  blast-furnace,  this  is  rapidly 
resolved  into  liquid  matter,  weighing  about  3  tons,  which  escapes  at  the 
bottom  ;  while  gaseous  matters,  weighing  nearly  10  tons,  ascend  the  furnace, 
and  escape  at  the  top. 

Eeactions  in  tlie  Chetnical  Laboratory  of  the  BUutfurnace, 
Assuming  the  furnace  to  be  filled  with  ore,  fuel,  and  flux,  in  the  proportions 
which  an  analysis  of  each  has  determined  to  be  most  suitable,  the  chemical 
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changes  may  be  said  to  commence  with  the  entrance  of  the  (cold)  blast  into 
the  furnace.  The  composition  of  atmospheric  air,  with  an  average  amount  of 
moistare,  may  be  taken  as  follows : — 


Oxygen 2100 

Nitrogen 77-60 

Aqueous  Tapour  ...  1-42 

Carbonic  acid .     ...  08 


10000 


Nitrogen,  which  is  the  largest  constituent,  appears  to  undergo  no  altera- 
tion, merely  passing  through  the  incandescent  materials  in  the  furnace,  and 
escaping  at  the  top ;  while  oxygen,  the  next  largest  constituent,  on  entering 
the  hearth  of  the  furnace,  combines  with  the  fuel  there  present,  and  at  a  few 
inches  from  the  tuyere  is  conyerted  into  carbonic  acid ;  ascending  through 
the  ignited  fuel,  the  carbonic  acid  is  partly  or  wholly  conyerted  into  carbonic 
oxide.  A  portion  of  this  gas  deprives  the  ore  of  its  last  equivalent  of  oxygen, 
and  is  converted  back  to  carbonic  add ;  in  its  further  ascent,  upwards  to  the 
throat,  it  is  influenced  by  the  temperature  of  the  surrounding  materials.  If 
these  are  at  a  high  temperature,  the  carbonic  acid  unites  with  the  carbon  of 
the  red-hot  fuel,  and  escapes  at  the  top  as  carbonic  oxide ;  if  the  temperature  is 
low,  it  is  unaltered,  and  escapes  as  the  carbonic  acid.  A  second  portion  of  the 
carbonic  oxide  first  foxmed,  abstracts  the  second  equivalent  of  oxygen  from 
the  ore,  and  passes  upwards  iu  a  similar  manner;  while  a  tliird  portion 
passes  unaltered  to  near  the  throat,  where  it  deprives  the  ore  of  its  first 
equivalent  of  oxygen. 

The  aqueous  vapour  is  decomposed,  the  Uberated  oxygen  uniting  with  the 
main  body  of  oxygen  in  the  air,  while  the  hydrogen  ascends  to  the  top.  It 
is  commonly  stated  that  the  small  quantity  of  this  gas  which  thus  ascends,  is 
without  influence  on  the  operations  of  the  furnace ;  but  this  statement  requires 
confirmation  by  direct  experiment.  The  minute  quantity  of  carbonic  acid  in 
the  air  acts  in  the  same  manner  as  the  larger  volume  produced  by  combustion 
of  the  carbon. 

Chemical  change  in  the  composition  of  the  calcined  ore,  commences  imme- 
diately on  entering  the  furnace.  After  calcination  it  is  of  an  open  porous 
structure,  readily  permeable  by  gases ;  on  entering  the  throat,  the  ascending 
carbonic  oxide  deprives  it  of  one  equivalent  of  oxygen,  leaving  it  as  a  mag- 
netic oxide.  In  this  state  the  ore  descends  the  furnace  to  the  more  elevated 
temperature  of  the  hearth  above  the  tuyeres ;  the  carbonic  oxide  now  abstracts 
a  second  equivalent  of  oxygen,  and  immediately  afterwards  the  ore  yields  its 
last  portion  of  oxygen,  and  descends  into  the  hearth  below  the  influence  of 
the  heat.  If  the  ore  contauxs  water,  it  is  vaporized  at  the  top,  and  escapes 
as  steam. 

The  fuel  (coke)  in  the  npper  part  of  the  iumace  is  absorbed  to  a  great  ex- 
tent in  the  pitxlnction  of  carbonic  oxide,  and  also  by  the  destructive  velocify  of 
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the  gases  in  the  nsurow  throat.  The  width  of  this  part  of  the  fiiniaoe  i 
rially  influences  the  consmnption  of  fuel.  Lower  down,  the  fM  supplies 
carbon  to  the  carbonic  acid»  to  form  carbonic  oxide  for  the  deoxidation  of  the 
ore,  and  for  union  with  the  metal  as  a  carburet;  the  portion  of  fiiel  whicli  has 
escaped  consumption  in  the  descent,  is  converted  into  carbonic  acid  in  the 
region  of  the  tuyere. 

The  change  produced  in  the  limestcme  flux,  appears  limited  to  the  expul- 
sion of  its  carbonic  acid,  which  is  efiected,  in  the  case  of  small  stones,  iu  the 
neighbourhood  of  the  throat ;  with  larger  stones  its  entire  expulsion  is  eflected 
at  a  greater  depth  in  the  furnace. 

The  chemical  changes  result  in  corresponding  variations  in  the  tempera- 
ture of  the  ascending  current  of  gases.  The  oxygen  of  the  external  air,  on 
entering,  combines  with  the  remaining  carbon  of  the  fuel,  liberating  a  large 
amount  of  caloric,  which  is  taken  up  by  the  ore,  flux,  and  gases.  The  in- 
tensely high  temperature  in  this  part  of  the  furnace  continues  to  the  level 
where  carbonic  oxide  is  formed ;  a  slight  temporary  diminution  now  takes 
place ;  it  is  partially  restored  by  the  reconversion  of  carbonic  oxide,  into  car- 
bonic acid  in  the  deoxidation  of  the  ore.  The  temperature  slightly  decreases 
to  the  level  where  the  flux  evolves  its  carbonic  acid.  The  quantity  of  heat, 
rendered  latent  at  this  level,  produces  an  immediate  reduction  of  temperature. 
The  conversion  of  the  water  into  steam,  combined  with  the  ore  and  fuel,  also 
tends  to  a  diminution  of  temperature  in  this  region.  In  consequence,  how- 
ever, of  the  small  bulk  of  material  at  top,  the  rapid  draught  there  created, 
results  in  a  partial  combustion  of  the  fuel,  and  the  maintenance  of  a  higher 
temperature  than  otherwise  would  be  the  case. 

During  the  passage  of  the  gases  through  the  furnace,  the  reduction  of 
temperature  at  each  level,  consequent  on  the  formation  of  carbonic  oxide,  and 
the  large  influx  of  carbonic  acid  from  the  limestone,  is  much  le^s  than  has 
been  stated  by  some  writers.  Very  mistaken  views  on  this  subject  have  arisen 
from  their  treating  the  upward  current  as  consisting,  at  the  lower  level,  of 
carbonic  acid,  and  from  estimating  this  current  as  being  converted  into  car- 
bonic oxide,  when  necessarily  a  large  reduction  would  ensue.  In  reality,  the 
upward  cmTent  of  gas  just  above  the  tuyere  consists  of  carbonic  acid,  with 
about  twice  its  weight  of  nitrogen.  This  nitrogen,  tliough  oflering  no  chemi- 
cal affinity  in  its  ascent,  plays  a  most  important  part  in  the  economy  of  the 
blast-furnace.  Heated  at  the  low  level  to  the  intense  temperature  there 
prevailing,  it  acts  throughout  its  ascent,  as  a  medium  for  equalizing  the  tem- 
perature. At  the  first  reduction,  the  conversion  of  the  carbonic  acid  into  car- 
bonic oxide,  and  the  large  store  of  heat  in  the  nitrogen,  is  drawn  upon,  to 
supply  tlie  larger  portion  of  the  difference  that  otherwise  would  take  place. 
In  the  subsequent  charges  to  tlie  throat,  the  nitrogen  is  called  upon  to  yield 
up  other  portions  of  the  heat  which  it  absorbed  at  the  low  level. 

The  heat,  rendered  latent  by  so  much  carbonic  oxide  as  unites  with 
the  oxygen  of  the  ore,  is  recovered  again  in  the  formation  of  carbonic  acid ; 
therefore  a  temporary  depression  onl^  is  created  by  this  portion  of  carbonic 
oxide. 
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Tcfiiperature  in  the  Blast-furnace. 

The  Beaxtli. — ^In  this  part  of  the  furnace,  it  must  be  obvious  that  the 
maximmn  temperature  ivill  be  mutually  dependent  on  the  blast,  fuel,  and  facili- 
ties for  absorbing  the  heat  developed.  With  the  required  volume  and  density 
of  blast,  aeoordin^  to  the. amount  of  fuel,  the  production  of  a  low  or  high  tem- 
perature, up  to  the  highest  temperature  attainable  with  atmospheric  air,  will 
be  solely  dependent  on  the  facilities  afforded  for  its  absorption.  The  ore  and 
flux  are  the  materials  which  should  absorb  the  heat  developed ;  according, 
then,  to  the  proportion  which  they  bear  to  the  heat  evolved,  will  the  tem- 
perature be  high  or  low.  If  the  ore  and  flux  are  m  excess,  the  rapid  manner  in 
which  they  absorb  the  quantity  of  available  caloric,  results  in  a  low  tempera- 
ture ;  on  ^e  other  hand,  when  they  are  small  in  quantity,  liie  caloric  evolved 
accumulates,  and  the  materials  naturally  acquire  a  higher  temx>erature  £rom 
inability  to  absorb  the  whole  of  the  caloric,  at  the  low  temperature. 

By  heating  the  blast  before  its  admission  to  the.  furnace,  a  quantity  of 
caloric  is  directly  communicated,  in  addition  to  that  produced  by  combustion 
of  fuel  'ndthin  the  blast-furnace ;  the  excess  of  caloric  thus  thrown  into  the 
furnace,  results  in  a  direct  accession  of  temperature,  until  the  additional  caloric 
absorbed  by  the  materials  is  equal  to  that  communicated  by  the  heated  blast. 
It  must  be  borne  in  mind,  however,  that  the  accession  of  temperature  by  the 
heated  blast,  over  that  resulting  from  the  cold  blast,  is  entirely  dependent  on 
the  maintenance  of  the  former  relation  of  blast,  to  fuel  in  the  furnace.  If  the 
fuel  burden  is  diminished  in  greater  ratio  than  the  increased  quantity  of  heat 
communicated  by  the  heated  blast,  the  lesser  quantity  of  caloric  in  the  hearth 
of  the  furnace  results  in  the  prevalence  of  a  lower  temperature.  In  the  supe- 
rior regions  of  the  furnace,  the  use  of  heated  air,  with  its  accompanying  reduc- 
tion of  fuel-burden,  results  in  a  permanent  reduction  of  temperature  compared 
with  that  in  the  cold-blast  furnace,  while  the  gradations  from  zone  to  zone 
are  more  abrupt.  The  lesser  quantity  of  air  thrown  into  the  hot-blast  fur- 
nace, relatively  to  the  ore  and  flux,  results  in  a  proportionately  smaller  quan- 
tity of  nitrogen  being  heated  in  the  hearth ;  and  the  volume  of  gases  through- 
out, is  similarly  reduced.  Consequent  on  this  diminution  of  hot  gases,  in 
proportion  to  the  quantity  of  ore  and  flux,  the  ascending  current  is  more 
rapidly  deprived  of  its  caloric,  and  escapes  at  the  throat  at  a  very  much  lower 
temperature  than  in  cold-blast  furnaces.  The  lesser  quantity  of  nitrogen  is 
also  seen  to  be  prejudicial,  inasmuch  as  it  is  less  able  to  compensate  for  the 
diminution  of  temperature  which  follows  on  the  conversion  of  carbonic  acid 
into  carbonic  oxide. 

This  general  inferiority  of  temperature  is  borne  out  by  direct  experiment 
in  the  throat  of  furnaces  of  both  descriptions. 

A  common  and  very  prevalent  error  is  to  suppose,  that  the  mere  heating 
of  the  air,  results  in  an  accession  of  temperature  in  the  blast-furnace,  without 
reference  to  the  fuel  which  may  be  consumed  therein,  or  the  quantities  of 
blast  delivered  for  its  combustion.  Were  this  the  case,  hot-blast  furnaces 
would  invariably  produce  gray  iron,  with  a  cinder  nearly  devoid  of  oxide  of 
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iron — ^the  invariable  products  of  a  high  temperature  and  dry  materials ;  but  it 
is  well  known  that  such  furnaces  more  often  produce  white  iroui  and  scouring 
cinder,  the  usual  attendants  on  a  cold  famace. 

Disposed  of  Heat  in  the  Blast-furnace, 

The  carbon  of  the  fiiel^ased  in  the  blasi furnace,  is  variously  consumed : 
a  portion — ^by  very  much  the  largest,  indeed — ^is  expended  in  generating  the 
high  temperature  of  the  hearth ;  a  second  portion  is  consumed  in  effecting 
the  deoxidation  of  the  ore ;  while  a  third  and  smaller  portion  combines  with  the 
metal  as  carburet.  The  quantity  combining  with  the  metal  may  be  taken  as 
averaging  3  per  cent,  of  its  composition,  or  07*2  lbs.  per  ton  of  crude  iron. 
The  quantity  absolutely  required  for  the  deoxidation  of  the  ore  is  determined 
by  the  quantity  of  oxygen  in  combination  with  the  latter.  Assuming  the  ore 
to  have  been  calcined,  the  metal  will  exist  as  peroxide ;  or  for  2240  lbs.  of  iron, 
there  will  be  960  lbs.  <5f  oxygen.  To  convert  this  into  carbonic  acid  requires 
a  consumption  of  360  lbs.  of  carbon  :  added  to  the  previous  quantity,  a  total 
of  427  lbs.  has  to  be  deducted  from  the  consumption  of  fuel  for  the  carbon 
thus  absorbed. 

The  average  consumption  of  coke  may  be  estimated  at  32  cwts.,  equal  to 
30  cwts.  of  pure  carbon :  deducting  427  lbs.  from  this,  there  remain  2933  lbs. 
available  for  fasing  the  ore,  and  flux,  and  as  compensation  for  loss  in  various 
ways,       • 

By  experiment,  it  i^pears  that  the  fusion,  to  perfect  liquidity,  of  3  tons  of 
material,  in  the  proportion  of  1  ton  of  iron  and  2  tons  of  cinder,  determines 
the  absorption  of  an  amount  of  caloric,  equal  to  that  evolved  during  the  con- 
version of  380  lbs.  of  carbon  into  carbonic  acid.  The  carbonic  acid  absorbs  a 
similar  amount  of  carbon  during  its  reduction  to  carbonic  oxide ;  but,  as  credit 
has  previously  been  taken  for  360  lbs.  thus  consumed,  there  remains  only 
20  lbs.  to  add  to  the  380  as  the  quantity  canied  off  by  the  heat  of  the  liquid 
products  underneath.  A  further  consumption  of  heat  occurs  in  the  upper 
part  of  the  furnace,  through  the  evolution  of  the  carbonic  acid  of  the  limestone. 
Estimating  the  consumption  of  limestone  at  15  cwts.,  the  carbonic  acid  liberated 
will  amoimt  to  about  6|  cwts.,  which  is  accomplished  by  the  heat  of  45  lbs.  of 
carbon,  burnt  to  carbonic  oxide.  Hence  the  total  consumption  of  carbon 
under  these  heads,  amounts  to  872  lbs.  This  represents  the  total  amount  of 
carbon,  utilized  out  of  a  consumption  of  3360  lbs.,  leaving  a  loss  of  2488  lbs. 
to  be  accounted  for.  Radiation  from  the  interior,  escape  of  gases  at  the  tuyeres, 
and  heat  abstracted  by  the  water  circulating  in  the  tuyeres :  all  these  diminish, 
to  a  proportionate  extent,  the  effective  quantity  of  carbon,  the  aggregate  loss 
from  these  circumstances  being  imder  100  lbs. ;  but  the  great  bulk,  exceeding 
two-thirds  of  the  quantity  thrown  into  the  fiimace,  is  utterly  lost  at  the  throat. 

The  medium  in  which  it  escapes  are  the  gases  issuing  in  laige  quantity  from 
the  throat  at  a  high  temperature.  It  has  been  stated,  that  while  the  product 
of  molten  iron  and  cinder  from  the  bottom  weigh  but  3  tons  for  1  ton  of  iron, 
the  gases  escaping  at  top  weigh  16  tons.  After  carefully  comparing  the 
high  specific  heat  of  these,  it  is  manifest  that  to  elevate  them  to  the  temx>era- 
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ture  of  the  tibroat,  a  quantity  of  heat  is  absorbed  nearly  equal  to  that  yielded 
by  the  combustion  of  the  2488  lbs.  of  carbon  otherwise  unaccounted  for.  The 
superior  capacity  of  gases  for  caloric  has  been  overlooked  in  the  economical 
arrangement  of  the  furnace,  and  enormous  quantities  of  fuel  are  thus  con- 
stantly being  dissipated  in  the  gaseous  products  liberated  into  the  atmosphere. 

The  loss  from  this  cause  explains  the  superior  economy  of  fuel  in  wide- 
throat  furnaces.  The  blast-furnaces  of  Scotland  of  a  former  date  had  yery 
narrow  throats,  and  consumed  large  quantities  of  fuel  compared  with  the 
work  done ;  at  the  same  period,  furnaces  in  South  Wales,  having  comparatively 
wide  throats,  were  worked  with  less  than  one-half  the  amount  of  carbon  con- 
sumed in  the  Scotch  furnaces.  The  beneficial  effects  resulting  &om  large 
throats  have  lately  been  made  apparent  in  other  districts ;  and  a  very  general 
enlargement  of  this  part  has  taken  place  within  the  last  few  years,  followed 
in  every  case  by  a  corresponding  economy  of  fuel.  The  large  throat  dimin- 
ishes the  consumption  of  fuel  in  two  ways  : — Istly,  by  offering  a  larger  mass 
of  material  for  absorbing  the  available  heat  of  the  ascending  gases ; — 2ndly, 
by  reducing  the  temperature  of  the  gases  for  a  short  distance  below  the  top, 
they  exercise  a  less  destructive  influence  on  the  fuel  in  the  throat.  The 
immense  volume  of  gases  rushes  through  the  materials  in  this  region  with  a 
velocity  ranging  up  to  200  feet  per  second.  By  extending  the  width  still 
further,  the  reduction  may  be  lowered  to  half  the  present  consumption,  and 
yet  leave  a  surplus  of  heat  for  all  the  requirements  of  the  furnace. 

Since  the  publication  of  his  large  work,  wherein  the  author  entered  into 
numerous  details  on  this  subject,  several  furnaces  have  been  erected  with  the 
top  13  and  14  feet  diameter.  The  extraordinary  performance  of  these  will 
perhaps  eventually  lead  to  the  adoption  of  his  other  views  in  regard  to  the 
economy  of  fuel  attainable  by  a  proper  construction  of  furnace. 

By  some  authorities,  the  cool  top  is  held  to  be  disadvantageous,  inasmuch 
as  it  determines  the  expulsion  of  the  carbonic  acid  of  the  limestone  at  too 
great  a  depth  in  the  fiimace,  and  renders  latent  a  considerable  quantity  of 
heat  at  a  low  level.  This  objection,  however,  does  not  occur  in  practice,  for 
after  descending  through  the  upper  layers  of  material,  the  temperature  of  the 
two  fimiaces  is  nearly  similar.  The  present  high  temperature  in  that  portion 
of  the  furnace  is  altogether  unnecessary  to  the  chemical  changes  which  should 
there  take  place.  The  carbonic  acid  of  the  limestone  is  expelled  at  a  much 
lower  temperature;  while  the  abstraction  of  the  first  equivalent  of  oxygen 
from  the  ore  takes  place  very  rapidly  under  the  dullest  red  heat.  The  best 
argument,  however,  that  can  be  adduced  in  favour  of  the  coirectness  of  the 
views  first  advanced  by  the  author,  is  the  large  increase  in  this  part  of  the 
furnace  which  has  already  taken  place  without  injury  to  the  operations.  At 
the  commencement  of  the  present  century,  the  majority  of  the  furnaces  of 
South  Staffordshire  had  throats  under  36  inches  across  :  now  8  feet  are  not 
unusual  dimensions ;  yet  with  this  increase  from  an  area  of  9  to  04  feet,  more 
than  7  times  the  former  area,  there  has  been  no  difficulty  in  working  the  fur- 
naces, but  the  reverse ;  while  the  econoihy  of  fuel  attending  the  alteration  has 
been  very  great. 

U8EFUL  METAL8.  o 
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A  difficulty  of  fiUing  has  been  urged  against  wide-throat  furnaces ;  but  with 
a  corresponding  increase  in  the  number  of  charging  places,  or,  what  is  better, 
by  filling  with  the  shovel,  the  materials  may  be  distributed  over  the  interior 
with  the  greatest  regularity.  The  supposed  difficulty  of  filling  has  ever  been 
adduced  as  a  reason  against  any  enlargement ;  nevertheless,  the  throat  has 
increased  from  3  to  6  feet,  and  Tsithin  the  present  year  to  li^  and  14  feet, 
without  injury  to  the  working  of  the  furnace.  In  the  case  of  the  American 
charcoal  furnaces  a  similar  dread  exists  against  any  alteration ;  and  the 
consimiption  of  fuel  is  proportionately  large. 

In  connection  with  this  subject,  it  may  be  remarked  tliat  there  is  no  relar 
tion  between  the  consumption  of  fuel  and  the  economical  products  obtained. 
The  quantity  of  ftiel  required  to  produce  a  ton  of  crude  iron,  varies  not  only 
in  dijQferent  districts,  but  in  diifereut  works  in  the  same  district ;  and  iiot  un- 
firequently  a  considerable  diiference  is  observed  in  the  furnaces  of  the  same 
firm.  The  richness  or  poverty  of  the  ore,  also  tlie  quality  and  quantity  of  the 
flux,  tliough  resulting  in  a  less  or  greater  quantity  of  matter  for  fusion,  are 
circumstances  which  have  no  perceptible  influence  on  the  consumption  of 
fuel.  The  leanest  ores  of  South  Wales  are  smelted  with  nciarly  as  great 
economy  of  fael  ns  the  richest.  Cleai'ly  the  heat  yielded  by  the  fuel  is  for 
the  pui'pose  of  liquefying  the  ore  and  fiux ;  and  the  amount  of  these  deter- 
mines the  quantity  of  fuel  utilized  for  that  purpose.  The  consideration  of 
the  manner  in  which  flie  heat  developed  is  disposed  of,  accounts  for  the  little 
influence  exercised  by  tlie  quantity  of  liquid  products  on  the  yield  of  fuel.  It 
is  seen  that  the  caloric  absorbed  by  each  ton  of  molten  matter  is  repreaented 
by  the  heat  obtained  from  1 30  lbs.  of  carbon.  Hence  the  variation  in  the 
yield  of  fuel,  consequent  on  the  change  from  a  rich  to  a  poor  ore,  or  viee  versa, 
can  scarcely  be  more  than  twice  this  quantity,  or  260  lbs.  of  carbon  for 
each  ton  of  liquid  material  obtained.  The  &ct  that  this  slight  increase  in 
the  quantity  of  fuel  suffices  in  practice  to  melt  an  additional  ton  of  matter, 
demonstrates  the  correctness  of  these  views  regarding  the  great  loss  of  heat 
in  the  common  blastfurnace. 

A  smaller  quantity  of  fuel  is  used  when  heated  air  is  employed,  though, 
after  deducting  the  quantity  used  in  the  heating-stoves,  the  reduction  is  not 
very  considerable.  Until  recently,  the  most  erroneous  ideas  prevailed  respect- 
ing the  economy  of  fuel  by  the  use  of  heated  air.  In  several  instances  it  has 
been  stated,  that  by  its  use  alone  the  consumption  has  been  reduced  from  8 
to  2  tons,  per  ton  of  pig-iron  produced ;  at  the  same  time  it  is  known  to  prac- 
tical men,  that  in  the  present  blast-fhmaces  the  amount  economised  is  at 
the  outside  scarcely  5  cwts.,  and  very  many  furnaces  are  now  working  with 
cold  air,  with  greater  economy  of  fuel  than  others  using  heated  air.  This 
discrepancy  in  the  results,  from  an  invention  which  is  largely  used  on  the  Con- 
tinent, as  well  as  in  the  United  States,  has  been  variously  accounted  for. 

In  Scotland,  where  the  use  of  heated  air  at  one  time  effected  a  large  dimi- 
nution in  the  consumption  of  fuel,  amounting,  according  to  several  writers,  to 
some  tons  for  every  ton  of  iron  made,  the  furnaces  are  now  frequently  blown 
for  short  periods  T\ith  cold  air,  iiith  an  increased  consumption  of  fuel  of  no 
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more  than  5  cwts.  per  ton  over  that  consumed  with  heated  air.  This  altera- 
tion in  the  benefits  accruing  from  heated  air  evidently-  arises  from  the  succes- 
sive  improvements  in  smelting  made  in  that  country,  by  which  it  has  attained 
to  nearly  as  great  proficiency  as  other  parts  of  the  United  Kingdom. 

The  cause  of  the  saving  of  5  cwts.  of  fuel  hj  the  use  of  heated  air»  is  seen 
in  the  altered  circumstances  in  which  the  products  of  combustion  escape  into 
the  atmosphere.  The  heat  is  imparted  to  the  blast  in  the  stove-pipes  with  a 
small  waste  of  caloric,  for  the  products  escape  from  the  chimney  of  the  stove 
with  a  temperature  less  by  one-half  than  the  temperature  of  the  throat  of  the 
cold-blast  furnace.  The  diminished  loss  of  caloric  in  this  way,  and  the  less 
destructive  influence  exercised  by  the  smaller  curreut  of  gases  on  the  heated 
fuel,  results  in  the  loss  of  heat  being  proportionately  less. 

TJie  Gaseous  Current  in  Blast-furnaces, 

Researches  into  the  composition  of  the  gases  in  English,  German,  and 
French  furnaces  have  been  made ;  but  the  results  are  so  widely  different,  that 
it  is  very  doubtful  if  they  correctly  represent  the  chemical  changes  taking 
place  in  the  interior.  The  nitrogen  of  the  atmosphere  appears  to  ascend  un- 
acted upon,  and  consequently  affords  a  ready  standard  for  measuring  the 
variations  in  the  quantities  of  the  other  gases.  The  oxygen  in  the  escaping 
gases,  for  instance,  is  derived  from  the  blast  entering  at  the  tuyeres,  increased 
in  its  ascent  by  as  much  as  enters  Avith  the  oxide  of  iron  and  carbonate  of 
lime  at  top.  On  referring  to  the  chemical  changes  which  occur  to  the  ore,  it 
is  seen  that  the  quantity  of  oxygen  in  the  current,  relatively  to  that  of  nitro- 
gen, is  necessarily  increased  on  arriving  at  .the  surface  of  the  materials.  The 
English  experiments,  however,  do  not  exhibit  that  regularity  in  the  increase 
which  occurs  in  practice.  The  varying  proportion  of  oxygen  to  nitrogen  in 
the  ascending  column,  appears  to  have  been  as  folloTt's  in  Messrs.  Bunsen  and 
Play&ir*s  experiment  with  the  Alfreton  furnace : — 


Depth  from  top. 

Kitrogen. 

Oxygen. 

6  feet    ...     .       770       ....       32-9 

8    „ 

770 

31-3 

11    „ 

770 

351 

u  „ 

770 

32-9 

17    „ 

770 

34-5 

20    „ 

770 

29-8 

23    „ 

77-0 

36-0 

24    „       , 

77-0 

36-3 

84    „ 

770 

28-4 

The  last  depili  was  2  or  3  feet  above  the  tuyere.  To  accord  with  the  known 
changeis  in  the  ore  and  flux,  the  quantity  of  oxygen  should  have  exhibited  an 
increase  in  each  line  in  an  ascending  series.  The  difliculties  attending  the 
withdrawal  from  tlie  centre  of  the  furnace  of  gas  in  sufficient  volume  for 
examination,  was  probably  the  cause  of  these  discrepancies,  and  must  con- 
tinue a  serious  obstacle  to  more  accurate  determinations. 
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CHEMICAL  CHANGES  PRODUCED  BT  GAB. 


The  results  of  the  experiments  made  in  France  are  more  in  accordance 
with  other  researches  on  the  chemical  changes  produced  by  gases  out  of  the 
blast-fiimace.  Objection,  however,  has  been  taken  to  their  correctness,  espe- 
cially to  the  method  pxirsued  in  analyzing  the  collected  gases.  At  successive 
deptiis  in  the  famace,  the  proportion  of  oxygen  to  nitrogen,  in  the  ascending 
,  was — 


Depth  from  top. 

Nitrogen. 

Oxygen 

00  feet.     . 

.     .       770       ....       86-3 

4-3     „       . 

.     .       77-0 

38-2 

8-7     „       . 

.     .       77  0 

37-8 

l^'l     „       . 

.     .       77-0 

840 

17-4     „       . 

.     .       770 

27-6 

180     „       . 

.     .       77-0 

24-5 

Above  tuyere 

^^ i          Xl-^ 

.     .       77-0 

AiJ * 

22-9 

^.1> Til. 

Here  the  increase  in  the  quantity  of  oxygen  corresponds  with  the  levels  at 
which  the  ore  is  deprived  of  this  constituent.  In  the  first  three  lines  ascendr 
ing,  the  increase  of  oxygen  is  small — ^from  22*9  to  24*5 ;  and  from  24*5  to  27* 0 
represents  nearly  the  quantity  accruing  from  the  last  and  second  equivalent 
of  oxygen.  Ascending  still  higher,  the  increase  to  340,  and  finally  to  38'2, 
is  due  to  the  abstraction  of  the  first  equivalent  of  oxygen  from  the  ore,  the 
large  influx  of  carbonic  acid  from  the  flux,  and  the  moisture  entering  with 
the  fuel  and  ore. 

The  occurrenee  of  carbonic  oxide — a  combustible  gas,  escaping  in  con- 
siderable quantity  witli  other  gases  from  some  blast-furnaces — ^has  resulted  in 
numerous  attempts  to  apply  it  to  heating  purposes,  but  hitherto  with  little 
success.  Tlie  gases  have  been  applied  to  raising  steam,  heating  the  air,  cal- 
cining the  ore,  and  other  operations  requiring  a  low  heat.  Theoretically,  the 
carbonic  oxide  should  yield  a  large  quantity  of  heat  on  combustion  with 
atmospheric  air ;  but  owing  to  the  comparatively  large  amount  of  nitrogen 
which  has  to  be  heated  along  with  it,  the  available  caloric  scarcely  exceeds 
the  sensible  heat  of  the  gases  at  their  escape  from  the  top  of  the  furnace. 

The  propriety  of  interfering  with  the  gases  at  all  is  now  veiy  much  ques- 
tioned ;  and  circumstances  seem  to  warrant  the  conclusion,  that  carbonic  oxide 
in  considerable  quantity  in  the  escaping  gas  indicates  defects  which  suggest 
remedial  measures  for  overcoming  them,  rather  than  the  endeavour  to  turn 
the  carbonic  oxide  to  account  as  a  fuel.  It  is  observed,  that  furnaces  work- 
ing with  great  economy  of  fuel  discharge  very  small  quantities  of  this  gas ; 
while  others  of  a  more  imperfect  construction,  and  consuming  large  quantities 
of  fuel,  in  proportion  to  the  work  done,  discharge  nearly  the  whole  of  the 
carbon  consumed,  combined  with  the  oxygen  as  carbonic  oxide.  Even  the 
carbonic  acid  of  the  limestone,  in  passing  through  the  highly-heated  fuel  in 
the  throat,  is  converted  into  carbonic  oxide. 

On  the  Continent,  and  in  the  North  American  States,  the  gases  are  very 
generally  controlled  and  utilized  in  various  ways :  yet  is  the  consumption  of 
friel  higher  than  in  this  country,  notwithstanding  the  superior  richness  of  the 
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foreign  ore,  and  the  small  quantity  of  flux  used.  In  the  South  Stafibrdshire 
district,  all  attempts  to  control  the  issuing  of  the  gases  have  resulted  in  in- 
jurious disturbances  on  the  furnace,  to  such  an  extent  as  to  lead  to  an  imme- 
diate return  to  the  former  method  of  working.  Numerous  experimental  trials 
have  been  made,  all  of  which,  with  but  one  exception,  have  resulted  in 
serious  loss;  and  scarcely  greater  progress  appears  to  have  been  made  in 
other  districts. 

Quantity  of  Metal  ohtained  from  a  Blast-furnace. 

The  make  or  quantity  of  iron  resulting  from  a  blastfurnace,  is  principally 
dependent  on  the  quantity  of  blast  delivered  into  it,  and  the  relative  propor- 
tions of  ore  and  flux  to  fuel.  With  a  fixed  burden  of  fuel  relatively  to  that 
of  ore  and  flux,  the  make  wiU  be  proportional  to  the  qunntit}'  of  blast  delivered, 
without  reference  to  its  temperature.  On  the  other  hand,  with  a  fixed  volume 
of  blast,  the  make  will  be  inversely  as  the  quantity  of  fuel  to  ore  and  flux, 
within  the  limits  of  fluidity. 

The  descending  column  of  solids,  in  tlie  interior  of  a  blast-furnace,  con- 
sists of  ore,  flux,  and  fuel,  in  suitable  proportions ;  and  though  composed  of 
ingredients  of  diflerent  density,  yet,  by  their  admixture  at  top,  they  descend 
en  masse  to  the  bottom.  The  descent  of  tliis  column  is  determined  by  tlie 
rapidity  or  slowness  vdih  which  the  fuel  is  consumed :  since  this  is  efiected 
by  the  oxygen  of  the  blast,  tlie  quantity  admitted  regulates  the  descent.  By 
diminishing  the  proportion  of  fuel  in  tlie  column,  the  descent  is  accelerated, 
in  consequence  of  the  blast  eflccting  the  combustion  of  the  same  quantity  of 
fuel  as  previously.  Under  such  circumstances,  the  make  may  be  diminished 
at  pleasure,  by  diminishing  the  quantity  of  blast,  or  increasing  the  proportion 
of  fiiel  to  ore  and  flux ;  by  the  reverse  of  this  it  may  be  increased  to  the 
highest  quantity  compatible  with  the  production  of  a  sufficient  amount  of 
heat  to  maintain  perfect  fluidity. 

These  considerations  demonstrate  the  incorrectness  of  the  opinion  that  a 
mere  heating  of  the  blast  results  in  an  augmented  make.  It  is  obvious  that 
to  attain  the  increase,  the  quantity  of  fuel  must  be  reduced.  Tlie  heated  blast 
contains  only  the  same  quantity  of  oxj-gen  as  when  cold ;  and  it  is  clearly  im- 
possible that  it  can  of  itself  accelerate  the  descent  of  the  column,  or  other- 
wise influence  the  production  of  iron,  so  long  as  the  latter  remains  liquid. 

Quantity  and  Pressure  of  Blast. 
The  quantity  of  blast  is  determined  by  the  capabilities  of  the  furnace  and 
the  kind  of  iron  sought  to  be  obtained.  If  the  furnace  is  of  the  largest  class, 
provision  should  be  made  for  a  quantity  up  to  14,000  cubic  feet  of  air  per 
minute.  The  more  rapidly  the  gases  ascend  the  furnace,  the  whiter  the  iron. 
With  wliite  iron  they  pass  through  the  furnace  in  three  or  four  seconds ;  with 
gray  in  ten  or  twelve  seconds.  When  it  is  desired  to  produce  gray  iron,  a 
smaller  volume  of  blast  is  employed,  along  with  an  increased  burden  of  fuel; 
this  causes  the  column  to  descend  more  slowly.  But  the  employment  of  a 
sufficiently  reduced  volume  of  blast  will  of  itself  cause  a  change  in  quality 
from  white  to  gray,  with  a  correi^nding  reduction  in  the  make  of  pig-iron. 
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The  pressure  of  blast  best  suited  to  the  requirements  of  the  funxace  is 
dependent  on  circumstances,  to  which  great  attention  should  be  paid.  The 
first  of  them  is  the  width  of  the  hearth.  The  diameter  of  the  fm-nace  at  this 
place  being  fixed,  the  pressure  of  the  blast  has  to  be  such  that  it  may  pene- 
trate the  full  extent  of  the  mass  of  material ;  supplying  oxygen  to  all  the  fuel 
on  a  level  with  the  tuyere.  With  narrow  hearths  a  low  pressure  suffices,  but 
wide  hearths  require  a  high  pressure. 

The  density  of  the  fuel  also  influences  the  pressure  of  the  blast.  Fuel  of 
a  low  specific  gravity  cannot  be  worked  with  a  dense  blast  in  narrow  hearths ; 
wliile  fuels  of  a  denser  description  require  the  strongest  blasts  attainable. 
The  lightest  fuel  used  in  smelting  is  charcoal,  which  is  wrought  with  blasts 
whose  pressure  is  about  half  a  poimd  to  the  square  inch.  With  this  low 
pressure  an  intense  heat  is  obtained,  because  the  large  surface  which  the 
charcoal  exposes  to  the  oxygen  of  the  blast,  is  eminently  favourable  to  rapid 
combustion.  Anthracite,  on  the  other  hand,  is  the  most  dense  fuel  used  in 
smelting,  and  demands  a  strong  blast  in  order  to  bring  the  oxygen  and  carbon 
into  contact  with  sufficient  rapidity. 

The  density  of  the  fuel  also  determines  principally  the  width  of  the 
heai'th ;  it  also ,  to  a  certain  extent,  determines  that  of  the  furnace.  Charcoal 
can  only  be  profitably  employed  in  very  narrow  hearths :  too  weak  to  support  a 
strong  blast,  the  breadth  is  necessarily  limited  to  the  range  of  the  weak  blast 
employed.  The  pressure  and  volume  of  the  blast  is  likewise  influenced  by 
the  lightness  of  charcoal,  compared  with  the  ore  and  flux.  This  circum- 
stance necessitates  a  due  regard  being  paid  to  the  velocity'  of  the  ascending 
g£ises,  the  pressure  of  which  in  tlie  narrow  hearth  may  exceed  the  gravitating 
influence  of  the  light  charcoal,  and  prevent  its  regular  descent  to  the  tuyere. 

Quality  of  the  Cnide  Iron. 

Tlie  commercial  quality  of  tlie  crude  iron  reduced  in  the  hearth  of  the 
furnace,  is  indicated  with  considerable  accuracy  by  the  cinder  which  flows 
over  the  dam-stone.  Furnaces  burdened  with  the  carbonates  of  the  coal 
measures,  when  working  well,  yield  a  cinder  having  a  stony-gray  fracture 
in  the  interior,  and  a  deep  brown  vitreous  appearance  externally.  Occasion- 
ally the  presence  of  particular  oxides  produces  various  shades,  between  gray 
and  azure  blue,  in  tlie  interior.  The  gray  cinder  usually  indicates  metal  of  a 
superior  quality ;  numbered  1,  2,  or  8.  Cinders  of  a  colour  brown  in  the 
interior,  and  blackish-brown  outside,  generally  accompany  iron  of  a  lower 
quality,  mottled  or  white ;  while  such  cinders  as  are  of  a  black  colour  through- 
out, invariably  accompany  iron  of  the  lowest  quality.  These  are  technically 
tezmed  *'  scouring  cinders,"  and  contain  a  large  quantity  of  oxide  of  iron,  in- 
dicating a  cold  unhealthy  condition  in  the  great  laboratory  of  the  blast-furnace. 
If  allowed  to  flow  for  a  considerable  time,  they  injure  iiTeparably  the  brick- 
work of  the  boshes  and  hearth ;  and  by  cooling  the  interior,  endanger  the 
safety  of  the  furnace.  Gray  cinders  sometimes  flow  with  a  white  iron  burden ; 
but  their   constant  production  under   such  circumstances  requires   great 
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attention,  dry  materials,  and  a  favourable  furnace.  An  excessive  burden  of 
ore  is  invariably  accompanied  with  white  iron  and  scouring  cinder. 

In  the  casting-bed,  the  quahty  is  shown  very  correctly  by  the  surfiakce  of 
the  bars  of  pig-iron,  technically  termed  "  pigs."  The  gray  and  superior 
qualities  present  a  smooth  round  face,  and  maintaiu  their  fluidity,  so  as  to  run 
into  thin  sheets ;  the  lowest  qualities  have  a  rough,  pitted,  concave  surface, 
and  run  thick  and  sluggishly. 

The  chemical  composition  of  the  iron  and  cinder  produced  by  a  blast- 
furnace, is  dependent  on  the  composition  of  the  ore,  fuel,  and  flux,  and,  to  a 
varying  degree,  on  the  method  of  reduction  pursued,  and  whether  by  a  hot  or 
cold  blast,  or  by  a  controlled  or  uncontrolled  escape  of  the  gaseous  product 
at  top.  Probably  amongst  these  influences,  the  quality  of  the  ore  is  greatest. 
The  carbon,  a  powerful  and  invariable  contamination  in  iron,  varies  with  the 
mode  of  working  and  the  quantity  of  fuel  consumed,  iucreasing  nearly  in  the 
same  ratio  as  the  consumption  of  fuel.  The  analyses  of  three  samples  of  cast 
iron  will  show  very  clearly  the  composition  of  the  crude-iron  of  the  blast- 
furnace. 


A 

B 

C 

Iron    .... 

.     94-57     . 

.     89-75     . 

.     95-618 

Silicon     .     .    . 

.       1-30     . 

.       2-02     . 

.       1012 

Carbon    .    .    . 

.       200     . 

.       1-88    . 

1590 

Sulphur  .    .    . 

•09     . 

1-23     . 

•640 

Phosphorus 

.  faint  traces 

1-52    . 

•820 

.      1-30    . 

413     . 

1-200 

Calcium  .    .    . 

•60     . 

•21     . 

•320 

Magnesium 

•11     .     . 

•05     .     . 

traces 

10009 


100-79 


101-200 


These  three  analyses  are  by  Mr  Crowder.  A  is  a  No.  1  foundry  iron, 
from  Merthyr  Tydfil;  it  fairly  represents  the  average  character  of  the  Welsh 
cold-blast  No.  1  foimdry  irons,  smelted  from  the  best  local  ores,  without  any 
admixture  of  hsomatite,  and  with  due  regard  to  the  purity  of  the  fuel. 
B  and  C  are  white  forge-irons ;  the  first  from  a  furnace  in  the  Ebbw  Valley, 
and  the  second  from  the  Blaina  YaUey,  in  Monmouthshu-e.  They  are 
average  specimens  of  crude  iron  manu&ctured  with  heated  blast,  a  small 
burden  of  flux,  and  a  mixed  ore  burden.  In  both  cases  the  furnaces  are 
wrought  with  the  top  closed,  for  the  purpose  of  collecting  and  utilizing  the 
gas  which  remains  unconsumed. 

The  dnder  accompanying  C,  when  analyzed,  gave  as  its  constituents : — 

Silica 50-50 

Lime 13-07 

Alumina 17*20 

Protoxide  of  iron     .    .  10^  10 

Ditto  manganese      .    .  2^24 
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Magnesia 5.04 

Sulphuric  acid    ...        '27 
Phosphoric  acid  .    .    .        '15 

98-57 
Pig-irons  generally  contain  silicon,  carbon,  and  calcium  to  a  variable 
amount,  along  with  small  quantities  of  other  ingredients.  The  causes  for 
the  presence  of  silicon  are  not  very  well  understood.  To  the  use  of  heated 
air  an  increase  of  it  has  been  attributed ;  but  on  reviewing  a  large  number 
of  analyses  of  both  hot  and  cold  blasts,  it  seems  doubtful  if  the  former  pro- 
duces an  important  increase  of  this  substance.  In  a  large  number  of  cold- 
blast  irons,  tlie  silicon  ranged  from  033  to  2*80 ;  while  in  similar  analyses  of 
hot-blast  irons,  its  presence  was  detected  in  quantities  varying  from  0-88  to 
300  per  cent.  Tlie  variation  in  the  amoimt  has  also  been  explained  by  a 
chemical  hypothesis ;  but  tlie  more  probable  cause  of  the  reduction  of  flint 
or  silicic  acid  to  metallic  silicon  is  inequality  of  temperature  in  the  hearth, 
arising  from  the  imperfect  mode  of  applying  the  blast.  The  points  supplied 
witli  an  excess  of  air  are  heated  sufficiently  to  reduce  the  silicon,  though  the 
average  temperature  of  the  heartli  may  be  very  low. 

The  quantity  of  carbon  combined  'with  the  iron  appears  to  be  dependent 
on  the  fuel,  and  on  tlie  rapidity  with  which  the  charge  descends,  as  well  as 
on  the  character  of  the  ore.  In  the  preceding  example,  the  gray  contains 
rather  more  tlian  the  white  iron;  but  the  reverse  of  this  sometimes  occurs. 
As  a  rule,  the  colour  of  the  **pig"  affords  no  criterion  of  the  quantity  of 
carbon.  With  the  same  quantity,  the  ii*on  may  be  either  gray,  mottled,  or 
white.  Ores  of  an  open,  porous  description,  such  as  the  carbonates  of  the 
coal-measures  and  the  carbonaceous  ores  of  Scotland,  are  favourable  to  a 
high  per-centage  of  carbon  with  the  metal.  The  dense  haematites  and  mag- 
netic oxides,  on  the  other  hand,  smelt  into  iron  having  a  mininmTn  percentage 
of  carbon.  The  production  of  gray  iron  from  these  ores  requires  that  they 
be  reduced  to  a  small  size,  so  as  to  increase  the  surface  exposed  to  the  action 
of  the  gaseous  carbon.  A  rapid  descent  of  the  charge,  which  affords  a  shorter 
period  for  the  action  of  the  gases,  appears  to  result  in  a  diminished  quantity 
of  carbon  in  tlie  iron. 

Calcium  appears  to  enter  into  the  composition  of  nearly  all  pig-irons,  and, 
from  comparison,  it  seems  less  variable  in  amount  than  the  other  ingredients. 
A  sample  of  cold-blast  white  iron,  with  a  high  yield  of  limestone  flux,  gave 
0-95  per  cent,  of  calcium ;  while  a  hot-blast  white  iron  afforded  only  0*20  per 
cent.,  being  the  smallest  quantity  observed.  Although  the  presence  of  cal- 
cium demonstrates  the  existence  of  a  slight  affinity  between  that  metal  and 
iron,  the  great  bulk  of  calcium  passes  into  the  slag  as  Ume.  The  suggestion 
ofiered,  respecting  the  variable  amounts  of  silicon,  applies  also  to  the  calcium 
in  cadt  irons ; — ^namely,  that  it  is  reduced  at  intensely  heated  points  of  the 
hearth,  while  other  parts  may  be  comparatively  cold. 

The  quantity  of  magnesia  reduced  to  the  metallic  state  of  magnesium,  and 
entering  as  such  into  tlie  composition  of  pig-h'on,  is  small ;  by  comparison, 
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lioweyer,  the  portion  reduced  appears  to  bear  nearly  the  same  ratio  to  the 
quantity  entering  the  furnace,  as  do  the  quantities  of  silicon  and  calcium, 
reduced  from  their  respective  oxides.  Hence,  its  presence  is  probably  due 
to  the  same  causes. 

Manganese,  when  present,  appears  to  enter  into  the  composition  of  crude 
irons  to  a  larger  extent  than  either  of  the  foregoing  substances.  Most  of  the 
carbonates  contain  small  quantities  of  manganese  compounds,  which  appear 
to  be  partly  reduced,  the  resulting  manganese  ultimately  combining  \\ith  the 
iron  in  the  lower  hearth.  In  the  case  of  the  analysis  numbered  B,  the  quan- 
tity of  manganese  is  unusually  large ;  a  circumstance  probably  owing  to  the 
manganiferous  iron  ores  of  West  Somerset  being  largely  used  at  these  works. 
The  German  crude  irons  smelted  entirely  from  ores  of  tliis  class,  display  a 
proportionately  larger  admixture  of  manganese  up  to  8  per  cent. 

The  phosphorus  of  the  ore  appears  to  combine  with  the  iron,  passing, 
for  the  most  part,  into  the  crude  cast-iron,  but  to  a  small  extent  into  the 
cinder.  It  is  commonly  supposed  that  the  entire  quantity  of  phosphoric  acid 
of  the  ore,  is  found  in  tiie  crude  iron.  Analyses,  however,  demonstrate  that 
this  occurs  only  when  the  cinder  is  nearly  devoid  of  that  metal.  The  pro- 
portion which  the  quantity  entering  the  cinder  bears  to  the  whole,  is  in  the 
same  ratio  as  the  iron  in  the  cinder  is  to  the  quantity  of  u'on  entering  the 
furnace.  Scouring  cinders  generally  contain  notable  quantities  of  phos- 
phorus, a  circumstance  attributable  to  their  larger  percentage  of  iron.  The 
quantity  of  phosphorus  in  hot-blast  irons,  is  generally  greater  than  .in  cold; 
but  a  satisfactory  explanation  of  the  cause  has  not  appeared. 

Sulphur  forms  a  very  general  ingredient  in  the  composition  of  crude  iron. 
The  amount  varies  with  the  quality  of  the  fuel  and  ore,  as  also  with  the  mode 
of  working;  being  larger  in  hot  than  cold-blast  irons,  and  largest  of  all  in 
irons  produced  with  a  diminished  depth  of  material  in  the  furnace,  as  in  the 
case  of  appliances  for  the  utilizing  the  gaseous  products.  In  some  hot-blast 
furnaces,  wrought  on  this  system,  the  quantity  forms  nearly  2  per  cent.,  by 
weight,  of  the  iron.  The  sulphur  may,  in  most  cases,  be  considerably  dimi- 
nished by  using  an  excess  of  lime.  Common  salt  is  an  old  and  advantageous 
remedy  for  the  same  defect. 
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CHAPTER  XI. 


MOULDING   AND   FOUNDING. 


The  crude  iron  of  the  blast-furnace  is  variously  disposed  of :  Uio  larger  por- 
tion is  applied  to  the  manufacture  of  malleable  iron,  while  the  remainder 
is  converted  direct  into  innumerable  articles  formed  of  cast-iron.  Occasion- 
ally, the  smelter  carries  on  the  foimding  business  also ;  in  which  case,  cast- 
ings are  frequently  made  by  running  the  molten  iron  direct  from  the  blast- 
furnace into  moulds.  At  other  times,  the  crude  iron  is  run  into  i^igs  or  bars 
of  convenient  size,  allowed  to  cool,  and  then  charged  into  other  furnaces  for 
remeltiug.  This  plan  affords  faciUties  for  examining  the  quality  of  each  piece 
charged,  and  is  followed  whenever  great  soundness  is 
required  in  the  castings, — as  in  the  case  of  ht .  i  ^  >  - 
beams,  and  framework  of  engines ;  for  hydiaiilic  rauis, 
and  similar  works  requiring  imdoubted  strength. 

The  remelting  furnaces  are  of  two  descriptions; 
technically,  they  are  distinguished  as  *' aii' furnaces" 
and  "  cupolas."  The  former  are  large  reverberatory 
furnaces^  built  of  fire-brick,  having  a  fire-grate  at  one 
end,  from  whence  the  products  of  combustion  pass  over 
the  chai-ge  on  to  the  flue.  The  floor  of  the  cential 
part  is  made  sloping  to  the  divisional  bridge.  At  its 
highest  part,  the  charge  of  pigs  is  laid,  and  subjected 
to  the  intense  heat  reflected  from  the  fire  place  and 
roof,  imtil  fused ;  when  it  flows  over  the  refractory  sand 
bottom  to  the  hearth.  The  draught  is  maintained  by 
a  lofty  chimney,  bound  with  iron  hoops,  and  fui-uished 
with  a  regulating  damx)er  at  top,  as  shown  iii  Hie  en- 
graving. 

The  dimensions  of  the  furnaces  are 
proportioned  to  the  magnitude  of  the 
work  generally  performed  in  them, 
namely — from  3  to  10  tons  at  a  cast- 
ing; which  is  the  common  range  of 
their  capacity.  Doors  are  provided  on 
one  side  for  charging  the  pig-iron  and 
supplying  the  fuel ;  and  on  the  oppo- 
site side  is  a  smaller  opening  for  tapping  the  molten  iron  into  the  foundry.  In 
consequence  of  the  intense  heat  to  which  the  brickwork  of  tlie  furnace  is  sub- 
jected, a  system  of  strong  plate  and  bolt  binding  is  adopted  to  retain  the 
erection  in  position. 

The  cupola  is  a  blast-furnace  of  small  size,  in  which  the  intense  heat 
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necessary  for  fusion  is  maintained  by  a  fan  or  other  blast.  The  iuteiior 
dimensions  measure  from  18  inches  to  3  or  4  feet  in  diameter,  and  6  to  10  or 
12  feet  in  height.  It  is  commonly  made  of  iron  plates,  bolted  together,  and 
lined  inside  with  the  best  fire-brick,  to  a  thickness  of 
0  or  10  inches.  The  blast  (cold)  is  supplied  through 
one  or  tv\  o  tuyeres,  which,  for  facility  of  operating  on 
variable  quantities  of  iron,  are  so  made  that  they  can 
be  inserted  at  different  heights  of  the  furnace.  At  the 
bottom,  ou  the  side  ac^oining  the  foundry,  an  opening 
is  left  for  tapping  the  metal  and  removing 
any  cinder  or  other  matter  adhering  to  the 
sides. 

Each  of  these  remelting  furnaces  pos- 
sesses certain  advantages  of  its  ovm.    The 
air-furnace  is  preferred  where  toughness  and 
an  homogeneous  structure  are  requiied ;  the 
slight  decarbonatiug  influence  of  the  rever- 
berating colunm  of  carbonic  acid  and  other 
products  of  combustion  from  the  fire- 
place, appears  favourable  to  a  reten- 
Founder*s  Cupola  Furnace.  tion  of  strength.    Tlie  iron  SO  treated 

can  be  filed  and  chipped,  and  otherwise  cut  to  shape,  with  great  facihty.    It 
contracts  less,  and  with  greater  regularity,  than  iron  otherwise  treated. 

Cupolas  are  less  expensive  to  erect  where  a  supply  of  blast  can  be 
obtained  cheaply ;  and  for  many  operations  are  extremely  usefid.  Small 
quantities  of  iron  may  be  advantageously  fused,  and  by  means  of  ladles  con- 
veyed simidtaneously  to  several  parts  of  the  foundry.  Castings  from  cupolas, 
however,  are  weaker,  and  less  to  be  dex)ended  on,  than  those  from  air- 
fiimaces.  In  consequence,  also,  of  the  carbonizing  action  of  the  blast  on  the 
metal  in  the  furnace,  the  castings  produced  are  genei'ally  very  haid,  difficult 
to  cut,  and  disposed  to  fly  (break  spontaneously,  mrough  unequal  contraction) 
whilst  cooling ;  and  even  afterwards,  danger  is  to  be  appre)iended  from  sudden 
changes  of  temperature.  The  tensile  strength  is  inferior,  and  probably  arises 
from  partial  disruption  of  the  cohesion,  through  unequal  contraction  in 
cooling. 

By  the  founder,  iron  castings  are  distinguished  as  open  sand,  green  sand, 
dry  sand,  loam,  or  chilled  castings,  according  to  the  mode  of  moulding. 
Occasionally  a  complex  piece  embraces  two,  or  even  aU  five  methods.  The 
open  sand  method  is  adapted  for  rough  articles,  such  as  flooring-plates,  and 
other  castings  in  which  one  side  is  permitted  to  be  uneven.  Green  sand 
moulding  is  largely  practised  in  the  production  of  stove  fronts,  pans,  small 
pipes,  and  the  innumerable  small  articles  of  commerce,  plain  and  ornamented, 
of  cast-iron.  Dry  sand  is  applied  to  large  pipes,  engine  and  mill-work,  to% 
girders,  and  other  large  castings  requiring  great  strength.  Loam  is  a  modifi- 
cation of  the  dry  sand  method,  and  is  principally  applied  to  large  circular 
castings,  such  as  cylinders  and  wheels.     Chilled  eastings  are  those  cast  in 
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thick  iron  moulds  instead  of  sand :  the  surface  of  the  metal  in  contact  with 
the  cold  iron  is  rendered  extremely  hard,  in  consequence  of  the  sudden 
manner  in  which  it  is  cooled.  It  is  much  used  for  axle-boxes,  rollers  for 
coflfee  and  sugar-mills,  and  all  purposes  requiring  great  hardness,  and  capacity 
for  resisting  abrasion. 

Open  Sand  Bioulding. — Moulding  in  open  sand  is  the  simplest  mode, 
and  requires  comparatively  little  skill.  An  exact  model  of  the  intended  cast- 
ing is  made  in  white  deal  wood,  and  placed  in  an  excavation  in  the  damp  sand 
Hoor  of  the  moulding-bed,  tlie  top  level  with  the  floor  line.  Having  carefully 
levelled  the  model  with  a  f  level,  the  moulder  proceeds  to  ram  the  sand 
tightly  round  it  in  small  quantities  at  a  time,  with  the  large  end  of  a  tamping- 
bar.  The  sand,  placed  in  contact  with  the  model,  is  selected  witli  care,  and 
sifted  to  separate  any  particles  of  iron.  On  attaining  the  level  of  the  model, 
the  tamping  is  discontinued,  and  the  sand  at  the  top  carefully  smoothed  with 
a  small  trowel;  to  strengthen  the  edges  in  contact  with  the  model,  a  few 
drops  of  water  are  sprinkled  over  tlie  sand.  With  a  large  iron  wire,  curved 
so  as  to  pass  under  the  model  without  touching  it,  tlie  moulder  pierces  the 
sand  all  around  several  times ;  the  model  is  now  taken  out,  for  which  purpose 
an  iron  spike  is  screwed  into  the  top,  and  repeatedly  struck  lightly,  to  loosen 
it  from  the  sand,  when  the  moulder  carefully  draws  it  up.  To  facilitate  its 
removal,  it  is  made  rather  larger  above  than  beneath,  and  the  adhesion  of 
sand  partially  prevented  by  singeing  the  surface  of  the  wood.  In  the  event 
of  any  portion  of  the  sand  having  been  detached  in  the  act  of  removing  the 
model,  the  damage  is  repaired  with  a  little  fine  sand,  worked  with  the  trowel. 
The  interior  is  then  dusted  overwitli  some  burnt  sand  from  previous  castings, 
or  charcoal  dust  sifted  through  a  horse-hair  sieve.  If  very  deep  for  an  open 
sand  casting,  the  edges  of  the  mould  are  prevented  from  rising  by  a  series  of 
heavy  weights,  disposed  wherever  there  is  space.  Shallow  castings  have  the 
edges  of  the  mould  protected  by  thin  plates :  in  all  cases  care  is  taken,  by 
weights  or  sprigs,  that  the  pressure  of  the  molten  metal  shall  not  lift  up  the 
sand  wall.  From  the  top  of  the  mould,  previous  to  withdrawing  the  model,  a 
small  canal  is  made  in  the  sand-bed  leading  to  the  smelting-fiimace,  or  to  a 
small  pit,  into  which  the  metal  is  poured  from  a  ladle.  The  communication 
with  the  mould  is  closed  by  a  small  iron  gate-plate,  loamed  over  to  prevent 
the  adhesion  of  tlie  iron  until  casting  time.  If  the  casting  be  deep,  the  canal 
is  continued  to  the  bottom  of  the  model  by  a  small  bore-hole,  at  a  few  inches' 
distance  from  the  body  of  the  intended  casting.  Large  castings  require  two 
or  more  branches  to  the  canal,  to  convey  the  iron  to  dificrent  parts  of  the 
mould  simultaneously. 

The  filling  of  the  mould  demands  great  attention,  and  requires  to  be  done 
as  rapidly  as  may  be  practicable.  If  the  metal  is  run  direct  from  a  furnace, 
it  is  brought  simultaneously  to  the  several  gates,  and  allowed  to  flow  into  the 
«  different  parts  of  the  mould  in  nearly  the  same  volume.  The  sprinkling  of 
a  few  drops  of  metal  around  the  air-holes  left  by  the  wire  produces  a  slight 
explosion,  through  ignition  of  the  inflammable  gases  arising  from  tliem. 
These  continue  to  bum  so  long  as  the  outside  of  the  metal  possesses  the 
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property  of  decomposing  water.  The  molten  iron  is  carefully  skimmed  from 
time  to  time,  and  any  oxidized  matter  removed  from  the  sniiace.  If,  at  the 
termination  of  the  running,  the  mould  appeal's  to  be  filling  imequaUy,  the 
defect  is  remedied  by  the  adjacent  stop-gates  being  opened  or  shut,  as  tlie 
circxmistance  may  require.  The  molten  iron  is  never  poured  direct  from  a 
vessel  into  the  mould ;  but  in  a  mould  partly  filled,  it  is  sometimes  allowed 
to  flow  direct  from  the  ladle.  The  running  finished,  the  surface  of  the  metal 
is  usually  sprinkled  with  a  little  dry  sand,  and  the  casting  left  in  its  bed  until 
sufficiently  cold  for  removal. 

If  soundness  is  required,  no  casting  of  any  kind  should  be  removed  until 
cooled  down  throughout,  to  within  a  few  degrees  of  the  atmosphere ;  and  in 
the  case  of  open-run  castings,  a  thick  covering  of  sand  should  be  applied  to 
retain  the  heat.  If  removed  too  soon  after  casting,  the  piece  is  irreparably 
weakened,  if  not  fractured  and  lost.  Want  of  room  in  a  confined  foundry  is 
commonly  adduced  as  a  reason  for  turning  out  the  work  as  soon  as  it  has 
solidified ;  but  a  desire  to  turn  out  more  work  than  the  foundry  is  capable  of 
producing,  is  perhaps  nearer  the  mark.  From  whatever  cause  it  may  arise, 
it  is  too  evident  that  many  disastrous  accidents  have  arisen  from  the  breakage 
of  girders  and  mill  machinery,  resulting  solely  from  inattention  to  this  point ; 
thus  occasioning  great  mistrust  in  cast>iron  as  a  material  of  construction, 
and  lowering  its  commercial  value. 

Ozeen  Sand  CastlngB  differ  fr^m  open  sand,  in  being  covered  with  the 
half  of  a  box  during  the  process  of  casting. 

The  green  sand  of  the  founder  is  an  argillaceous  sand,  in  the  state  in 
which  it  is  raised  frx)m  the  gravel-pit,  having  been  first  sifted  through  a  fine 
wire  sieve,  carefully  mixed  with  about  one-twelfth  of  its  volume  of  finely 
powdered  coal,  and  slightly  moistened  with  water ;  in  this  state  it  retains  the 
exact  form  of  any  object  impressed  on  it.  This  mixture  can  only  be  used 
once  for  the  formation  of  moulds,  being  afterwards  employed  for  filling  up.  In 
order  to  obtain  the  form  of  the  pattern,  the  moulder  takes  a  cast-iron  frame, 
which  is  filled  with  sand  and  closely  rammed.  Taking  the  pattern  from  which 
the  casting  is  to  be  made,  the  workman  scratches  on  the  smooth  surface  of 
the  sand,  and  in  the  centre  of  the  iron  frame,  a  rough  resemblance  of  the 
model,  which  is  embedded  into  the  sand  to  one-half  its  thickness ;  it  is  then 
sprinkled  over  with  charcoal  dust. 

A  counterpart  of  the  cast-iron  frame  is  now  filled  in  a  similar  manner  with 
sand  closely  packed,  dusted  over,  also,  with  charcoal  dust,  and  placed  upon 
the  model ;  by  this  process  a  mould  of  the  other  half  is  impressed  upon  it,  the 
charcoal  dust  preventing  any  adhesion  between  the  two  parts  of  tlie  frame.  The 
upper  frame  is  now  carefully  raised,  and  the  model  removed  from  the  lower 
frtime,  any  slight  imperfection  in  the  mould  being  repaired  by  the  use  of  a  little 
moistened  sand,  and  a  small  trowel  shaped  for  the  purpose.  The  two  parts 
of  the  frame  are  now  joined  together  by  means  of  corresponding  pias  and 
holes,  and  a  cavity  remains  of  the  form  of  the  required  casting. 

Small  articles  also  have  a  bottom  box ;  and  if  of  a  complex  form,  may 
require  several  boxes  for  thefr  complete  formation.    Pulleys,  for  instance, 
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require  a  three-part  box — a  top,  middle,  and  bottom.  The  moulding  boxes, 
whether  for  green  or  dry  sand,  are  made  of  cast-iron,  with  cross  ribs,  wherever 
the  nature  of  the  model  permits,  for  holding  the  damped  sand.  The  separate 
parts  are  made  to  fit  each  other  accuratelj  bj  taper  pins,  through  which 
keys  are  driven  to  bind  the  several  parts  firmly  together  duiing  tlie  operations 
of  moulding  and  casting.  If  the  several  parts  of  the  box  are  large,  requiring 
the  assistance  of  a  crane  for  handling,  each  part  is  furnished  with  trunnions, 
on  wliich  it  is  turned  over,  and  its  under  side  dressed  up  by  the  moulder. 
The  filling  of  the  mould  is  conducted  in  much  the  same  manner  as  with  open 
castings ;  a  suitable  jet  being  left  for  the  escape  of  confined  air. 

The  moulding  of  pulleys,  as  requiring  a  three-part  box,  very  well  exemplifies 
the  principles  of  the  art.    The  model  of  the  pulley,  a  section  of  which  is  seen 
in  Fig.  1,  is  made  in  two  halves,  fitting  each  other  with  suitable  drilling  pins. 
If  several  are  to  be  cast  firom  the  same  model,  a 
cast-iron  one  is  commonly  made  from  a  wood 
pattern,  and  subse- 
quently   fitted    to 
remove  any  aspeii- 
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ties  on  the  siurface.  In  tlie  bottom  part  of  the  box  the  lower  side  of  one  half 
of  the  model  is  moulded ;  all  superfluous  sand  removed,  the  exposed  portions 
carefully  smootlied  over,  and  fine  charcoal  dusted  over  it.  The  upper  half 
of  the  model  is  fitted  on,  and  the  middle  part  of  the  box  clamped  down.  In 
this  portion  of  the  box  the  hollow  edge  of  the  pulley  is  moulded,  as  may  be 
seen  by  reference  to  Fig.  8,  where  the  three  parts  of  the  box,  when  moulded, 
are  shown,  drawn  slightly  asunder.  The  sand  is  again  smoothed  down,  and 
the  surface  dusted  preparatory  to  re-covering  the  top  part  of  the  box.  This  is 
placed  on  the  middle  part,  and  the  upper  side  of  the  pulley  moulded  in  it. 
Having  left  an  orifice  for  the  entrance  of  the  metal,  and  another  for  the  escape 
of  the  air,  the  top  part  is  lifted  off,  with  tlie  upper  half  of  the  model  adhering 
to  it.  The  middle  part  is  next  lifted  off ;  this,  it  is  seen,  is  a  mere  ring  of 
sand,  filling  up  the  hollow  x)eripheTy  of  the  pulley.  After  remdving  the 
halves  of  the  model,  the  parts  of  the  box  are  replaced,  preparatory  to  cast- 
ing, as  shown  in  Yig.  2.  The  charcoal  dust  prevents  the  sand  in  one  part 
from  adhciing  to  that  in  the  others. 

Ihry  Sand  Castings  are  usually  prepared  in  boxes  similar  to  those  used 
by  green  sand  moulders.  This  is  more  especially  needful  where  a  great  weight 
of  metal  is  to  be  cast  in  moulds  made  of  this  material.  Dry  sand  is  generally 
used  without  any  admixture  of  coal-dust.  Castings  made  in  this  material 
are  less  Hable  to  imperfections  and  air-holes,  than  those  prepared  in  ordinary 
green  sand  moulds,  its  porous  nature  permitting  of  a  freer  escape  of  the  gases. 
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while  there  is  less  chajice  of  its  chilling  in  the  monld  from  the  baking  process 
which  it  undergoes  before  introducing  the  metal. 

In  all  casting  processes,  mnch  of  the  success  of  the  operation  depends 
on  the  skilfid  manipulation  of  the  moulder ;  on  him  miist  depend  the  adjust- 
ment of  the  mould,  and  the  weight  of  the  metal  with  which  it  is  charged,  the 
due  admixture  of  the  materials,  with  that  degree  of  porousness  necessary 
for  the  escape  of  the  gases  as  they  are  generated  by  the  fluid  metal. 

When  complete,  the  several  parts  of  the  box  are  taken  separately  to  a 
large  oyen,  or  drying-stove,  and  thoroughly  dried,  to  expel  all  moisture  from 
the  sand.  Afterwards  the  interior  of  the  mould  is  blackened  with  thick 
washes  of  ground  charcoal,  or  coke,  worked  up  with  water  to  a  proper  con> 
sistence.  It  is  again  dried,  and  the  several  parts  adjusted  to  each  other. 
If  the  box  seems  to  require  strengthening  before  the  performance  of  cast- 
ing, it  is  sunk  in  the  sand,  level  with  the  floor  of  the  foundry ;  and  on  the 
upper  part  are  Udd  several  heavy  weights,  supplemental  to  tlie  side  keys,  in 
keeping  the  structure  rigidly  together  under  the  pressure  of  the  liquid  iron. 

Several  peculiar  configurations  of  cast-iron,  also  such  holes  as  may  be 
required  in  the  castings,  whether  large  or  small,  are  formed  with  cores,  or 
loose  pieces  of  sand,  strengthened  wherever  necessary  by  internal  iron  bars 
and  frames.  These  cores  are  made  by  tightly  ramming  the  best  sand,  in  iron 
or  wooden  boxes  of  the  required  shape,  and  then  placing  them  in  the  stove  to 
dry ;  subsequently  they  are  blackened,  and  treated  as  the  other  parts  of  the 
mould.  By  means  of  a  system  of  hollow  and  solid  cores,  all  castings,  what- 
ever be  their  configuration,  may  be  made  with  comparative  facility;  and  not 
unfrequendy  pieces,  the  constiruction  of  which  would  seem  to  involve  diffi- 
culties, are  made  with  only  a  few  core-boxes  and  a  plain  model 

Loam  atoaldlag  differs  from  the  other  methods,  inasmuch  as  no 
models,  or  core-boxes,  are  used;  but  the  moulds  are  made  directly  from 
drawings  of  the  objects  to  be  produced.  The  mould  is  made  of  a  mixture  of 
clay,  water,  sand,  and  cow-hair,  which  is  first  reduced  to  a  paste,  and 
thoroughly  kneaded  in  a  pug-mill.  This  mass  is  made  to  assume  the  required 
form  by  the  use  of  various  instruments ;  the  proportions  of  the  various  in- 
gredients being  changed  to  suit  different  purposes.  The  preparation  of  the 
loam  mould  is  frequentiy  a  difficult  process,  requiring  a  skilful  moulder,  as  he 
18  sometimes  required  to  shape  and  mould  very  compUcated  forms  with  only 
his  eye  to  regulate  his  tools.  The  profile  of  the  circumference  of  the  required 
casting  is  cut  on  a  stout  board,  and  attached  at  the  requisite  radius  to  a  rigid 
iron  spindle,  which  freely  turns,  vertically,  on  suitable  bearings.  The  mould 
for  a  large  cylinder,  for  instance,  is  commenced  at  the  bottom  of  a  dry  pit  in 
the  foundry,  by  laying  a  course  of  brick-ends  on  the  learned  bottom  to  the 
x«ach  of  the  sweep-board,  and  covering  their  upper  surface  and  face  with  a 
layer  of  loam  (sand  worked  up  to  the  consistence  of  thin  mortar,  strengthened 
by  some  weak  fibrous  substance).  The  board  is  now  swept  around,  removing 
any  superfluous  loam,  and  a  second  course  of  bricks  laid  on  the  first;  loam 
is  added ;  and  in  this  manner  a  rough  wall  of  the  required  height  is  built. 
The  inside  iA  well  plastered  with  loam,  which  is  wrought  to  the  precise  form 
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by  sweeping  around  the  board,  and  finished  with  a  coat  of  fine  material. 
When  the  outside  of  the  mould  is  complete,  the  board  is  taken  out,  and  a 
grate  with  lighted  fire  suspended  in  it,  to  effect  a  thorough  drying ;  subse- 
quently it  is  blackened,  and  again  dried.  The  core  is  built  in  a  similar  man- 
ner, on  a  circular  platform  of  the  required  size,  which  revolves  while  being 
built  against  a  fixed  loam-board. 

Cores  for  pipes  and  smaller  cylinders  are  built  aroimd  a  hollow  cylindrical 
core-bar,  pierced  with  numerous  holes  and  open  at  the  ends,  with  the  excep- 
tion of  the  space  occupied  by  the  trunnions.  Around  this  cylindrical  bar  is 
laid  a  covering  of 


hay  or  straw  rope, 
and  then  the 
usual  coating    of 


Fig.  1. 


Flff.8. 

Tooth-wheel  Moolding. 


Fig.  4. 


loam,  drying  and  blackening.  The  gases  generated  in  the  casing  of  the 
core-bar  escape  through  the  small  holes  into  the  hollow  cavity  of  the  core- 
bar,  and  out  at  the  ends  where  they  are  ignited.  The  hay- bands  freely 
allow  of  the  pipe  contracting  in  cooling,  which  it  could  not  do  around  a  solid 
substance,  and  permit  of  the  ready  withdrawal  of  the  bar. 

The  moulding  of  a  large  tooth-wheel  may  be  taken  as  an  illustration  of 
the  manner  in  which  castings,  partly  in  loam  and  partly  in  dry  sand,  are 
worked  up.  llie  moulding  of  a  wheel  with  four  arms  (Fig.  4)  is  accom- 
plished by  loaming  a  level  surface  in  the  wheel-pit,  and  arranging,  by  means 
of  a  trammel  working  from  tlie  centre,  a  number  of  tooth-cores  made  in  the 
core  box  (Fig.  8).  The  model  teeth  in  this  box  are  usually  loose,  and  kept 
in  their  place  by  passing  through  mortices  in  each  side;  Uie  two  sides  are 
kept  together  while  tamping  by  clamps.  Four  arms  are  formed  by  the  same 
number  of  moulds  (Fig.  1),  while  a  third  box  (Fig.  2)  forms  the  centre  core. 
Great  accuracy  is  required  in  the  setting  of  the  cores ;  and  allowance  has  to 
be  made  for  contraction  of  metal  in  cooling. 

An  inspection  of  the  figures  will  convey  a  correct  idea  of  the  way  in  which 
many  moiilds  are  built  up  at  comparatively  trifliag  expense  ;  and  it  is  to  be 
borne  in  mind  that  the  binding  together  of  the  several  parts  of  the  boxes  and 
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frames,  by  means  of  the  taper-pins  and  cross-keys,  preyious  to  pouring  in  the 
molten  metal,  is  an  operation  requiring  great  care  on  the  part  of  the  operator, 
liquid  cast-iron  presses  with  a  force  exceeding  one  pound  the  square  inch 
when  the  column  is  four  inches  high.  Castings  are  frequently  made  and 
cast,  with  a  column  of  liquid  iron  ten  feet  high ;  in  which  case,  every  inch  of 
the  mould  exposed  to  this  column  has  to  resist  a  bursting  pressure  of  more 
than  thirty  pounds,  or  about  one-half  the  pressure  to  which  high-pressure 
steam-boilers  are  subjected.  Under  such  circumstances  the  boxes  require 
to  be  of  great  strength,  perfectly  rigid,  and  bound  together  at  short  intervals 
with  heavy  iron  bands,  in  addition  to  the  pins  and  keys.  In  green-sand 
moulding,  the  column  of  metal  is  usually  much  less ;  but  the  surface  extended 
horizontally,  demands  nearly  the  same  precautionary  measures. 
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CHAPTER  Xn. 

THE  STRENGTH  AND  OTHER  PROPERTIES  OF  CAST-IRON. 

The  properties  of  iron  of  greatest  importance  in  constraction  and  mechanical 
engineering  are  —  1.  tenacity;  2.  transyerse  strength;  3.  power  to  resisfc 
impact;  4.  power  to  resist  fiitigae;  and  5.  power  to  resist  compressing  or 
crushing  forces :  to  these  must  he  added,  in  the  case  of  the  founder  and 
turner — 5.  fluidity;  6.  hardness;  and  7.  texture.  For  special  poiposes, 
other  qualities  are  sometimes  sought  after,  hut  the  foregoing  comprise  the 
essentials  required  in  a  good  cast-iron. 

It  is  well  known  to  founders  and  mechanical  engineers,  that  the  several 
qualities  for  which  a  given  cast-iron  may  he  distinguished,  are  susceptihle  of 
considerable  modification,  improvement,  and  more  marked  development,  by 
special  treatment  in  tlie  hands  of  the  founder;  and  to  smelters,  that  the 
general  qualities  of  the  original  crude  pig-iron  are  dependent,  in  great 
measure,  on  the  chemical  composition  of  the  ores,  fuels,  and  fluxes,  and  in 
the  smelting-fiimace :  but  with  similar  materials,  the  method  of  working  the 
furnace,  the  temperature  of  the  blast,  the  construction  of  the  furnace  itself, 
and  various  other  causes,  are  found  to  exercise  important  influences.  The 
crude  iron  of  the  blast-furoace,  however,  is  rarely  used  for  the  formation  of 
valuable  castings,  until  it  has  undergone  one  or  more  remeltings;  and  the 
following  remarks  will  apply  only  to  iron  which  has  been  reworiied  in  this 
manner. 

The  importance  to  the  engineering  profession,  and  to  science  generally,  of 
an  elaborate  series  of  experiments  on  the  qualities  of  cast  iron,  has  been  very 
generally  felt  for  the  last  quarter  of  a  century ;  but  the  time  required  for  their 
prosecution,  and  the  expense  necessarily  involved,  have  been  too  great  for  any 
private  individual  Several  engineering  firms  have  made  a  few  experiments 
on  the  metal  as  preliminaiy  trials,  previous  to  the  execution  of  particular 
works ;  and  the  British  Association  for  the  Advancement  of  Science  allotted 
a  small  sum  of  money  for  some  limited  experiments  on  form  and  application. 
More  recentiy  a  commission  was  issued  by  Government  to  inquire  into  the 
application  of  iron  to  railway  structures ;  but  its  labours  were  confined  to  test- 
lag  the  stability  of  a  few  railway  bridges,  and  collecting  the  verbal  opinions 
of  engineers  as  to  the  merits  of  particular  brands  of  pig-iron :  the  residts  of 
the  inquiiy  were  of  littie  or  no  value  to  practical  workers  in  the  metal. 

In  the  United  States,  the  great  diflerence  observed  in  the  strength  and 
durability  of  cast-iron  ordnance,  apparentiy  composed  of  equally  good  metal» 
led  to  the  adoption  of  measures  for  ascertaining  tiie  cause  of  such  diflerence. 
These  measures  were  first  applied  about  thirteen  years  since,  and  conducted 
out  of  the  public  revenue  of  the  States  by  competent  and  highly  painstaking 
officers  of  engineers :  the  results  as  publislied  form  the  most  complete  and 
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reliable  record  of  experimental  researches  on  the  metal  yet  issued  in  any 
country ;  and  contrasts  most  favourably  with  the  manner  in  which  similar 
researches  are  undertaken  and  conducted  in  England.  From  this  work,  and 
from  private  researches,  will  be  collected,  in  a  condensed  form,  a  few  of  the 
principal  known  facts  relating  to  the  qualities  of  cast-iron. 

Tensile  Strength  of  Cast-iron. 

In  all  purposes  to  which  cast-iron  is  applied,  tenacity  is  a  quality  of  the 
first,  if  not  of  paramount  importance.  Transverse  strength,  the  next  in  the 
order  of  importance,  is  directly  dependent  on  the  tenacity  of  the  metal. 
Hence,  in  all  well-conducted  researches  into  the  quaUties  of  pig-iron,  tenacity 
takes  precedence  of  the  others.  It  is  influenced  by  several  causes,  separately 
and  combined ;  the  chief  of  these,  so  far  as  yet  ascertained,  is — 

Temperature  of  the  Blast  used  in  the  Reduction  of  Cast-iron. 

'With  the  invention  and  application  of  the  hot-blast,  there  arose  a  very 
general  belief  that  the  new  process  tended  to  largely  deteriorate  the  tensile 
strength  of  the  pig-iron  produced.  With  the  existing  furnaces,  however,  the 
invention  in  one  district  effected  such  a  considerable  saving  of  coal  in  the 
furnace,  that  the  generally  inferior  character  of  the  iron  prepared  with  it  was 
controverted  by  the  manu&cturers.  And  at  the  present  day  the  inferiorify  is 
very  frequently  ascribed  by  writers  to  the  facilities  which  this  invention 
affords  of  worldng  up  mateiiak  of  a  quality  inferior  to  those  capable  of  being 
reduced  by  a  cold  blast.  Recent  researches,  however,  have  demonstrated, 
that  with  similar  ores,  fuel,  and  flux,  the  quality  of  hotrblast  iron  is  greatly 
inferior  to  that  of  iron  smelted  with  a  cold  blast. 

The  experiments  made  for  the  British  Association,  with  a  view  of  settling 
this  point,  were  the  first  of  their  kind  publicly  undertaken ;  and  the  results 
are  subjoined : — 

Carron  No.  2  quality  pig-iron  •  . 

„           do.             do.         .  . 

„      No.  3  quality  pig-iron  .  . 

yi  do.  do.  .  . 
Coed  Talon  No.  2  quality  pig-iron 

,',            do.              do.         i  . 

Bufferey  No.  1  quality  pig-iron  . 

tt           do.             do.         .  . 

The  number  of  pig-irons  tested  was.  sixteen ;  and  it  will  be  observed  that, 
with  one  exception,  the  cold-blast  irons  are  greatly  superior  to  the  hot.  The 
single  exceptional  case  led  the  experimenters  to  the  conclusion,  that  the  lower 
qualities  of  iron  were  improved  by  the  use  of  hot  air  to  nearly  the  same  ex- 
tent as  the  higher  qualities  were  deteriorated.  This  conclusion,  however,  was 
founded  on  a  single  experiment ;  and  to  have  been  of  any  value,  a  fresh  por- 


Tenacity  in  lbs. 

per  sq.  m. 

.    .    hot  blast 

13,505 

.    .    cold  „ 

16,683 

.    .    hot    „ 

17,765 

.    .    cold  „ 

14,200 

.    .    hot    „ 

10,676 

.    .    cold  „ 

18,855 

.    .    hot    „ 

13,434 

.    .    cold  „ 

17,466 
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Hon  of  iron  should  have  been  taken,  and  experimented  on  for  corroboration  of 
such  a  stiiMng  anomaly. 

Previous  to  these  experiments,  the  Low  Moor  Company — whose  works  in 
the  Bradford  district,  well  known  for  the  superior  quality  of  the  iron  pro- 
duced in  it,  had  been  wrought  entirely  with  cold  blast — adopted  the  new  mode 
of  smelting;  but  the  reduction  in  quality  was  such,  that  the  cold  blast  was 
resumed  after  a  very  brief  trial.  These  and  the  other  works  in  this  district 
have  since  continued  to  use  a  cold  blast  only.  Experiments  were  made  on 
the  Low  Moor  irons  as  prepared  by  the  two  processes,  and  the  following 
results  obtained,  the  strength  of  cold-blast  iron  being  taken  as  unity : — 

Mean  breaking  weight  of  cold-blast  pig-iron  ...     1  '000 
Do.  do.  hot         do.  ...       "831 

Subsequently  experiments  were  made  at  the  Dowlais  Works  on  irons 
remelted  in  an  air-famace,  also  on  others  remelted  in  the  cupola,  with  results 
nearly  the  same  as  those  occurring  at  Low  Moor:  the  relative  strengths 
being : — 

Mean  breaking  weight  of  five  bars  of  cold-blast  iron  1*000 
Do.  do.  six  bai-s  of  hot-blast  iron       *635 

The  discovery  that  a  cold  blast  of  sufficient  density  could  be  successfully 
used  in  forcing  furnaces  using  anthracite  fuel,  resulted  in  some  comparative 
trials  being  made  at  tlie  Ystalyfera  works  on  irons  prepared  by  the  two  pro- 
cesses. The  result  of  a  large  number  of  experiments  tended  to  establish 
the  fact  of  a  large  deterioration  occurring  with  the  hot-blast  irons :  the 
relative  strengths  of  the  two  irons  being — 

Anthracite  iron,  cold  blast 1*000 

Do.        do.  hot  blast -802 

These  experiments,  made  on  irons  reduced  from  similar  ores  and  under 
circumstances  precisely  equal,  temperature  of  blast  excepted,  must  be  held 
conclusive  as  far  as  regards  the  irons  of  this  country.  The  experiments  in 
the  United  States  were  made  principally  on  charcoal  irons ;  nevertheless  the 
results  are  even  more  unfavourable  to  the  hot-blast  irons.  The  diminution  of 
tenacity  which  follows  on  the  heating  of  the  blast,  is  shown  in  the  following 
statement  of  the  effects  produced  on  the  American  furnace  iron  : — 

Tensile  strength  in 
lbs.  per  sq.  in. 

Blast  cold 14140 

Do.  heated  to  150^  ....  12243 
Do.  do.  200O  ....  12970 
Do.         do.        250«     ....     11420 

This  pig-iron  was  of  No.  1  quality,  and  cast,  for  the  purpose  of  experiment, 
into  bars  in  the  open-sand  fuxnaee-bed.  The  difference  in  the  tensile 
strength  of  hot  and  cold-blast  iron  from  the  same  furnace  was  so  great  in 
several  instances,  that  the  officers  engaged  in  the  inquiry  sought  and  obtained 
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the  most  ample  proof,  that  in  every  case  the  inferior  metal  had  been  produced 
from  hot-blast  iron.  In  the  case  of  seventeen  gmis  ca.st  from  hot  blast,  eight 
failed  to  stand  the  proof.  Experiments  on  the  metal  in  three  guns  gave  a 
density  of  7*09,  and  a  tenacity  of  20,732  lbs.  to  the  square  inch.  Similar  ex- 
periments on  guns  cast  at  the  same  works  several  years  previously,  but  from 
cold-blast  iron,  gave  a  density  of  7*  185,  and  a  tenacity  of  25,246  lbs.  to  the 
square  inch. 

It  is  worUiy  of  remark,  also,  as  bearing  out  the  opinion  that  the  quality 
of  our  pig-iron  has  deteriorated  within  the  last  half  century,  that  in  an  Eng- 
lish gnnimported  into  America  in  1815  the  cast-iron  was  of  a  density  of  7'04, 
and  tensile  strength  of  18,145  lbs.  to  the  square  inch ;  while  other  English 
guns  imported  about  thirty  years  previously  contained  metal  of  a  density  of 
7*202,  and  tensile  strength  corresponding  to  28,067  lbs.  to  the  square  inch. 

The  analyses  made  in  the  laboratory  attached  to  tlie  Pikesville  Arsenal 
are  singularly  confirmatory  of  the  unfavourable  opinion  respecting  the  hot- 
blast  current,  soon*  after  its  introduction.  Tlie  results  of  numerous  analyses, 
on  irons  prepared  by  the  two  processes,  gave — 

Cold  blast.    Hot  blast. 
Specific  gra^^ty    .........     7'1 94        7074 

Tensile  strength 26,859       18,003 


Combined  carbon 

Graphite    .  .  . 

Siliciimi    • .  .  . 

Slag.    •.     .  .  . 

Phosphorus  .  . 

Sulphur     .  .  . 

Manganese  .  . 


Earths 

Silicium  and  carbon     ....... 

Silicium  and  slag 

Graphite  and  slag 

Graphite,  slag,  and  silicium 

Grapliite,  slag,  silicium,  and  phosphorus 

Total  carbon 

Graphite,  slag,  silicium,  phosphorus,  sul- 
phur, and  earths 

The  result  of  the  numerous  experiments  made  in  the  United  States  on 
cast-irons  has  been  the  entire  rejection  of  hot-blast  smelted  iron  as  a  material 
for  constructing  ordnance.  It  must  not,  however,  be  supposed  that  hot-blast 
iron  is  inapplicable,  or  inferior  to  cold-blast  irons,  for  all  purposes.  Where 
great  tensile  strength  is  desired  it  should  be  carefully  avoided ;  but  under 
other  circumstances,  it  may  frequently  be  substituted  for  cold-blast  iron  with 
considerable  advantage. 
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Remeltmg  the  cmde  iron  has  an  important  infinence  on  its  tensile  pro- 
perties. An  improvement  in  quality  is  very  generally  observed  on  remelting 
the  crude  pig-iron  of  the  blast-fiimace  in  reverberatoiy  furnaces.  With 
founders  this  improvement  is  ascribed  to  the  more  homogeneous  character  of 
the  iron  so  treated,  over  that  of  the  original  pig ;  but  the  author,  in  his  largo 
work,  combated  this  opinion,  and  placed  it  to  the  credit  of  the  refining  of  the 
iron  which  necessarily  takes  place  at  each  remelting.  The  publication  of  the 
American  experiments  confirms  this  view  of  a  mere  remelting  resulting  in  the 
production  of  a  more  pure  metal. 

Cmde  pig-iron  of  the  blast-famace  was  taken  and  thrice  remelted  to 

observe  the  change  of  quality  and  increase  of  density  produced ;  the  results 

were: — 

Denjiitv     Texwile  strangtii 
x/enaiiy .     ^  y^  ^^  ^^  ^ 

Crude  pig-iron 0*974  .  .  14,000 

Do.        remelted  once     .....  7090  .  .  20,900 

Do.        do.           twice 7229  .  .  30,220 

Do.        do.          three  times    .     .    .  7*301  .  .  35,780 

In  a  second  series  of  experiments  the  improvement  in  quality,  by  remelt- 
ing, was  equally  marked.  The  metal  operated  on  was  cold-blast  charcoal  pig- 
iron,  cast  in  similar  moulds  and  under  similar  conditions,  the  number  of 
fusions  alone  excepted : — 

Tensile  strength  in  Density, 

lbs.  per  sq.  m.  *'«"«*  j 

Crude  pig-iron 11,020    .     .  6*949 

Do.        do.       remelted 15,942    .    .    7060 

Do.        do.       remelted  twice      .    .    35,846    .    .     7*327 

In  another  case,  the  iron  of  third  fusion  attained  a  density  of  7*304,  and 
tensile  strength  of  45*970  pounds  per  square  inch — ^the  highest  ever  sustained 
by  cast-iron. 

Exi>eriments  on  a  limited  scale  were  made  for  the  British  Association  by 
Mr.  Fairbaim ;  and  the  results,  though  less  marked  than  in  the  American  ex- 
periments, demonstrate  the  great  advantages  which  may,  in  many  instances, 
be  derived  from  a  mere  remelting  of  the  cast-iron. 

One  ton  of  Eglinton  hot-blast  iron  was  operated  on,  and  the  proportion  of 
flux  and  coke  at  each  fusion  accurately  measured,  so  as  to  be  alike  at  each. 
The  iron  was  run  into  bars  one  inch  square,  and  the  trials  were  made  on 
lengths  of  about  four  feet,  supported  at  each  end,  and  the  weight  applied  in 
the  centre  gradually,  until  the  bar  broke :  one  bar  was  reserved  at  each  trial, 
and  the  rest  of  the  iron  again  remelted.  This  succession  of  remeltings  and 
trials  was  repeated  seventeen  times,  when  the  quantity  of  iron  was  too  much 
reduced  for  a  continuance  of  the  experiments.  The  results  obtained  prove^ 
that  cast-iron  increases  in  strength  up  to  the  twelfth  melting,  and  that  it  then* 
rapidly  deteriorates.  The  commencing  breaking-weight  was  403  lbs.,  and  this 
went  on  increasing  until  at  the  twelfth  melting  the  breaking-weight  was 
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725  lbs.  At  the  thirteentli  it  was  671  lbs. ;  at  the  fifteenth  391  lbs.;  at  the 
sixteenth  363 lbs.;  and  at  the  seventeenth  melting  the  ultimate  strength 
was  830  lbs. ;  orless  than  one-half  of  its  mudmnm  strength.  After  the  four- 
teenth melting,  the  molecules  of  the  metal,  when  fractured,  appeared  to  have 
undergone  a  decided  change.  There  was  a  bright  band,  like  silver,  on  the 
edge  of  the  bar,  whilst  the  middle  retained  the  ordinary  crystalline  fracture ; 
and  in  the  succeeding  meltings,  the  metal  was  bright  all  over,  resembling  the 
fracture  of  cast  steel. 

Maintaining  the  iron  in  fusion  for  shorter  or  longer  periods,  is  attended, 
in  many  instances,  with  a  corresponding  improvement  in  the  textile  strength 
of  the  product  By  keeping  it  in  fusion  a  longer  period,  the  number  of 
remeltingB  necessary  to  develop  its  maximum  strength  may  be  reduced.  In 
the  case  of  the  Manchester  experiments  referred  to,  the  iron  was  in  compara- 
tively small  quantity,  reduction  to  a  molten  state  took  place  with  great 
rapidity,  and  the  process  was  completed  in  a  very  short  period.  The  American 
experiments,  on  the  other  hand,  were  made  on  several  tons  of  iron,  in  rever- 
beratory  furnaces ;  reduction  to  the  liquid  state  took  place  more  slowly,  and 
the  entire  process  lasted  several  hours.  The  gradual  reduction,  also,  of  the 
iron  and  its  flowing  to  the  hearth,  exposed  it  to  a  prolonged  decarbonization, 
and  resulted  in  a  corresponding  greater  purity,  with  fewer  remeltings. 

The  improvement  in  quality  obtained  by -keeping  the  iron  in  fusion  for 
periods  after  reduction,  is  very  well  shown  by  the  results  obtained  with  the 
Stockbridge  iron : — 


Iron  twice  remelted  and  cast  on) 
reduction  to  liquidity     .    .     J 
Do.  maintained  in  fusion  1  hour 
Do.        do.  do.     2    „ 

Do.        do.  do.     3    „ 


Tenwle  strength    p      j. 
mlb8.persq.io.    *'*'"'*  J 

.     15,861     .     .    7106 

.  20.420  .  .  7-234 
.  24,883  .  .  7-270 
.     25,773     .     .     7-283 


In  other  experiments  the  increase  of  density  and  tensile  strength  is  equally 
great,  and  shows  the  wide  field  for  improvement  which  the  mere  difference  in 
mode  of  reduction  and  time  of  casting  offers  to  the  consideration  of  the 
practical  founder. 

Tenacity.  Density. 

Iron  in  fusion    Jhour      .     .     .    17,843    .     .    7187 
Do.  do.     1     „       ....     20,127    .     .     7-217 

Do.  do.     IJ  „       ....     24,887     .     .     7*250 

Do.  do.     2     „       ....     84,406     .     .     7279 

The  several  trials  were  made  with  the  same  charge  of  iron,  but  the  metal 
for  testing  was  withdrawn  at  the  periods  named.  The  composition  of  the 
original  gray  pig-iron  doubtiess  influences,  in  a  very  great  measure,  the 
amount  of  improvonent  obtained  with  different  periods  of  fusion.  A  refining 
of  the  iron  takes  place;  and  the  quantity  of  alloyed  matters  oxidized  and 
removed,  will  vary  with  the  character  of  the  pig-iron.    Carbon  is  a  principal 
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ingredient  in  cast-iron ;  and  a  long  exposure,  equally  with  repeated  meltings, 
offers  a  ready  method  of  burning  it  away.  The  reverberating  column  of 
gases  in  the  remelting  furnace,  contedns  a  proportion  of  free  oxygen,  which 
combines  with  the  carbon  to  form  carbonic  add ;  but  since  the  oxygen  is  in 
contact  only  with  the  surface  of  the  metal,  its  removal  requires  numerous 
fusions,  or  the  maintenance  in  fusion  for  a  long  period.  Bepeated  fusions  of 
the  u'on  are  attended  with  a  heavy  waste  of  material,  which  goes  far  to  com- 
pensate for  the  increase  of  strength.  In  the  experiments  at  Manchester,  the 
maximum  strength  was  obtained  only  at  the  twelfth  fusion,  and  then  exceeded 
the  oiiginal  strength  in  the  ratio  of  725  to  403.  This  increase,  however,  waa 
obtained  by  a  waste  in  remelting  of  more  than  one-half  of  the  iron  originally 
charged ;  so  Uiat,  in  a  commercial  point  of  view,  a  casting  of  given  strength 
prepared  from  iron  remelted  this  number  of  times,  will  cost  nearly  twice  as 
much  as  a  similar  casting  prepared  from  the  original  crude  iron. 

By  exposing  the  molten  iron  to  the  white-hot  current  of  gafiea  for  a  longer 
period,  the  improvement  in  strength  is  obtained  with  a  comparatively  small 
waste  of  material.  Apparently,  the  forcing  of  air  under  the  surface  of  the 
iron,  so  as  to  pervade  the  entfre  contents  of  the  hearth,  and  react  with  great 
rapidity  on  the  alloyed  matters,  would  accomplish  the  refining  and  develop- 
ment of  strength  most  completely ;  but  in  practice  the  reverse  is  found  to 
follow  this  treatment.  Combustion  of  a  portion  of  the  iron  takes  place ;  and 
the  newly-fom^ed  oxide,  remaining  to  a  certain  extent  amongst  the  particles 
of  iron,  reduces  its  tenacity  below  that  of  the  original  crude  iron.  On  the 
other  hand,  tlie  exposure  of  the  reduced  iron  to  a  current  containing  free 
oxygen  results  in  the  rapid  deprivation  of  carbon,  silicon,  phosphorus,  sul- 
phur, &c. ;  the  first  in  a  gaseous  combination,  the  rest  in  the  slag  produced 
in  the  process.  The  temperature  of  the  molten  mass  in  the  hearth  is  un- 
equal, and  subject  to  slight  variations ;  the  result  is  the  production  of  nume- 
rous slow  cuiTents,  which  successively  bring  the  entire  charge  of  metal  under 
tlic  refining  influence  of  the  passing  current  of  gases. 

Irons  containing  a  large  proportion  of  carbon,  relatively  to  the  other  im- 
purities, are  most  susceptible  of  improvement  by  treatiQg  in  this  manner. 
With  otlier  irons,  prepared  with  a  heavy  burden  of  materials  on  the  blast- 
Jiu-nace,  the  improvement  is  less  stiiMng,  and  is  attended  with  a  larger  waste 
of  metal  Uirough  oxidation. 

The  rapidity  and  manner  of  coohng  the  casting,  directly  influences  the 
tensile  strength  of  the  metal.  It  is  found  that  small  castings,  moulded  in 
vertical  dry-sand  flasks,  have  a  less  tensile  strength  than  large  castings  simi- 
larly moiilded,  and  cast  from  the  same  charge  of  iron.  The  diminution  of 
strength  in  the  cose  of  tlie  small  bars  amounted  to  nearly  five  per  cent. 
Tested  transversely,  however,  the  strength  of  the  metal  in  this  small  casting 
was  to  that  of  the  metal  in  the  large  as  1145  to  1000.  This  diflerence  between 
the  comparative  tensile  and  transverse  strengths  of  the  iron  from  the  two 
castings  is  easily  explained.  The  rapid  cooling  of  the  small  bar  resulted  in 
the  skin  attaining  great  hardness,  and  the  metal  to  be  in  a  state  of  tension. 
This,  while  it  increased  tlie  transverse  strength,  reduced  the  abihty  of  the 
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iron  to  bear  a  direct  tensile  force.  The  large  casting  cooled  slowly,  in  conse- 
quence of  its  great  bulk;  and  the  heat  in  the  interior  mass  having  to  pass 
through  the  skin,  produced  a  partial  annealing  of  this  portion.  Softened  in 
this  manner,  it  was  less  able  to  bear  a  transverse  strain ;  but  the  equal  rate 
of  contraction  of  the  mass  was  favourable  to  the  resistance  of  tensile  force. 

The  tensile  strength,  as  influenced  by  the  size  of  the  masses  and  rapidity 
of  cooling,  varies  with  the  condition  of  the  iron  previous  to  casting.  If  the 
refining  process,  by  lengthened  fusion  or  numerous  remeltings,  be  carried  too 
far,  the  resulting  product  will  be  of  a  hard,  brittle  quality ;  and  when  cast 
into  smaU  articleSi  be  chilled  to  that  extent  as  to  be  incapable  of  working 
with  steel  cutting-tools.  Cast  into  larger  articles,  however,  and  cooled  more 
slowly,  a  maximum  tenacity  may  be  developed,  and  the  texture  of  the  iron 
be  found  of  a  character  to  bear  cutting'tools  on  its  surface. 

Continuing  the  operation  too  long,  also  produces  a  thickening  of  the 
molten  iron,  until  it  is  of  too  great  a  consistence  for  the  proper  filling  of  the 
moulds,  and  the  prevention  of  air  cavities  in  the  body  of  the  castlag.  The 
burning  away  of  the  carbon  is  attended  with  a  loss  of  fluidity ;  and  this  defect 
occurring,  there  is  no  remedy  short  of  introducing  further  portions  of  the 
original  crude  iron,  to  restore  by  mixing  a  certain  degree  of  fluidity.  Thin 
castings,  and  others  requiring  great  sharpness  in  the  angles,  can  be  success- 
^^y  made  only  when  Ihe  iron  contains  a  large  portion  of  the  carbon  con- 
tracted in  the  blast-furnace.  Freedom  from  air  cavities  demands  the  em- 
ployment of  a  similar  metal. 

Casting  under  a  head,  or  considerable  pressure  of  the  fluid  metal,  is 
resorted  to  in  very  many  instances,  in  order  to  obtain  great  soUdity.  The 
density  of  the  metal  is  increased,  attended  with  a  corresponding  augmentation 
of  tensile  strength.  An  experiment  on  the  comparative  density  and  tenacity 
of  rough  pigs  cast  horizontally,  and  a  moulded  bar  cast  vertically,  gave  the 
following  results : — 

Tenacity.  Density. 

Bough  pigs,  cast  horizontally   .     .     .     14481     .    .     7:004 
Bar,  cast  vertically 16424    .    .    7085 

In  all  close-flask  castings  the  head  of  metal  is  required  to  be  several 
inches  above  the  highest  point  of  the  mould,  or  the  perfect  filling  may  not  be 
ensured.  Boilers  for  mill  machinery,  and  numerous  other  articles,  are  fre- 
quently cast  witli  a  vertical  pressure  of  two  or  three  feet  of  liquid  metal  above 
the  most  elevated  part  of  the  mould.  The  eflects  of  atmospheric  pressure  on 
the  surface  of  the  liquid  iron,  while  cooling,  has  been  tried,  and  apparently 
produced  a  small  improvement  in  the  metal.  Further  experiments,  however, 
are  required  to  show  the  amount  of  each  improvement  under  varyiag  pres- 
sures of  blast. 

By  the  rapid  cooling  of  castings  through  the  intervention  of  water,  the 
tensile  strength  of  the  metal  may  be  nearly  destroyed.  The  unequal  rates  of 
contraction  which  ensue,  bring  into  play  forces  greater  than  the  cohesive 
power  of  the  metal  is  able  to  withstand.    A  similar  result  is  frequently  ob- 
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seired  in  the  case  of  iron  cylinders,  cast  in  thick  iron  moulds,  with  the  -view 
of  hardening  the  snrfiace  of  the  castLag ;  especially  if  the  metal  is  of  a  high 
quality.  Fissures  nmning  nearly  parallel  with  the  axis  of  the  cylinder  are 
produced  on  its  surface,  and  penetrate  a  short  distance  towards  the  centre. 
Their  production  is  a  result  of  the  rapid  cooling  of  the  skin  of  the  casting, 
through  the  absorption  of  caloric  by  the  mass  of  cold  iron  composing  the 
mould.  With  a  slow  and  gradual  cooling  of  the  entire  mass,  the  skin  con> 
tracts  equaUy  with  the  rest ;  but  in  chilled  castings  it  diminishes  in  diameter 
more  rapidly  than  the  interior  of  the  incandescent  iron,  which  is  forced  out  of 
the  mould  through  the  head  while  yet  effectively  hqnid ;  but  immediately 
solidification  commences  in  the  interior,  the  skin  is  in  a  state  of  tension,  and, 
at  its  then  temperatare,  a  direct  seyerance  in  one  or  more  places  is  ineyitable. 
This  fracturing  of  the  skin  occurs  only  with  irons  possessing  more  than  ordi- 
nary hardness  previous  to  fusion ;  but  it  is  only  with  such  that  an  extremely 
hard  surface  to  the  cylinder  can  be  obtained.  Hence,  the  greater  the  degree 
of  hardness  imparted  to  the  iron,  the  greater  the  liability  to  rupture  in 
cooling. 

These  considerations  point  to  the  important  bearing  which  the  manner  of 
cooling  has  on  the  tensile  strength  of  cast-iron.  The  drcumstanoe  that  a  very 
rapid  cooling  is  frequently  attended  with  a  direct  firactnre  of  the  metal,  before 
the  casting  has  left  the  foundry,  shows  the  very  great  attention  which  should 
be  paid  to  this  feature  of  the  process.  Unless  great  care  be  taken,  the  best 
pig-irons  may  be  so  weakened  during  cooling  as  to  possess,  in  the  finished 
casting,  a  tensile  strength  greatly  below  that  of  very  iofeiior  irons  in  other 
castings  cooled  on  correct  principles.  Pl:obably  in  a  majority  of  castings,  the 
quantity  of  the  original  pig-iron  has  less  to  do  with  the  ultimate  strength 
of  the  piece,  than  the  mode  in  which  the  iron  is  treated  during  and  after 
fusion. 

When  cast  into  large  masses  and  slowly  cooled,  some  time  elapses  before 
the  molecules  of  the  metal  arrange  themselves  into  the  position  ofifeiing  the 
greatest  resistance  to  tensile  strain.  The  experiments  made  were  confined  to 
the  testing,  by  repeated  firing,  of  heavy  ordnance,  with  various  intervals  of 
time  between  their  manufacture  and  use.  Pieces  cast  some  years  before 
testing,  stood  several  times  the  quantity  of  firing  of  other  pieces  cast  but  a  few 
months  previously.  The  tensile  properties  of  the  metal  did  not  explain  the 
difference ;  and  the  form,  dimensions,  weight,  method  of  casting  and  cooling, 
and  the  manner  of  proving,  were  the  same  in  all  the  pieces  tried.  Further 
experiments  on  this  remarkable  property,  are  required  to  show  the  several 
circumstances  under  which  it  is  developed. 

The  tensile  strength  of  many  cast-irons  may  be  improved  by  adding  to 
them,  after  fusion,  but  previous  to  flowing  out  of  the  remelting  furnace,  a 
quantity  of  wrought-iron  in  a  divided  state.  By  this  proceeding  the  strength 
of  the  iron  may  be  increased  to  nearly  fifty  per-cent  over  that  of  the  original 
pig.  Since,  however,  the  numerous  experiments  made  in  America  have  con- 
clusively shown,  that  remelting  alone  will  produce  a  much  greater  improve- 
ment of  quality,  we  must  infer  that  the  increase  of  quality  placed  to  the  use 
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of  malleable  scrap  really  occurred  from  the  remeltiiig ;  and  that  by  treating 
the  iron  to  a  prolonged  fusion,  greater  strength  would  haye  been  produced 
without  the  use  of  the  scrap-iron. 

Eesi^tanee  of  Gast-iron  to  Compression, 

The  force  required  to  crash  cylinders  two  and  a  half  times  their  length, 
increases  with  the  hardness  of  the  iron,  when  the  cooling  has  not  permanently 
injured  the  structure  of  the  iron. 

No.  1  foundry  iron  required  a  force  of  119,650  lbs.  the  sq.  in. 
Nos.  1  and  8  mixed         do.  do.        168,589  „  „ 

Kos.  1  and  2  mixed         do.  do.        152,560  „  „ 

Nos.  1,  2  and  3  mixed     do.  do.        160,803  „         „ 

In  building,  and  constmction,  the  direct  crashing  force  is  seldom  brought 
into  action  to  that  extent  that  the  metal  is  crushed  to  pieces.  Accidents 
inyaiiably  occur  from  the  lateral  flexure  of  castings,  produced  through  a 
deficiency  of  stiffiiess  in  the  deflective  part. 

In  order  that  the  various  qualities  of  different  metals  may  be  readily 
compared,  and  that  the  variations  which  occur  in  each  may  be  seen  at  one 
view,  results — coUected  from  the  preceding  tables,  and  from  all  the  forms  in 
which  the  several  metals  were  tested— are  given  in  the  following  table : — 


VARIOUS 

QUALITIES  OF 

DIFFEBENT  METALS. 

Density  • 

Tenacity. 

Ultimate 
torsion. 

Compres. 
strength. 

Hardness. 

r,,^„            /Least 
BroMe             1  Orcateet 

6-900 
7-400 
7-704 
7-858 
7-978 
8.953 
7.729 
7.862 

9000 
45970 
38027 
74592 
17698 
56786 

128000 

5605 
10467 

7700 
5511 

84529 
174120 

40000 
127720 

198944 
391985 

4-57 

33-61 

10-45 

1214 

4-57 

5-94 

This  table  shows  the  great  range  in  quality  of  the  cast-iron,  ^vrought-iron, 
bronze,  and  steel  operated  on.  By  judicious  treatment  the  tensile  strength 
of  the  cast-iron  is  increased  so  as  to  be  in  excess  of  much  of  the  wrought-iron 
manufactured,  and  nearly  two-thirds  of  the  strength  of  the  best  merchant  bar- 
iron.  With  east  metal  of  this  quality,  the  manufacture  of  malleable  iron 
ordnance  will  no  longer  be  a  desideratum. 
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CHAPTER  Xin. 

MANUFACTURE  OF  WROUOHT-IRON- 

The  conyersion  of  the  crude  cast-iron  of  the  high-blast  furnace  into  the 
malleable  iron  of  commerce,  is  essentially  a  succession  of  refining  operations 
for  the  sei)aration  of  the  extraneous  matters  combmed  with  the  metal.  The 
manner  in  which  this  is  accomplished  varies  in  different  districts,  and  is,  in 
part,  influenced  by  the  nature  of  the  alloyed  matter.  The  old,  and  hitherto 
preferable,  process  consists  in  exposing  the  molten  metal  to  currents  of  blast 
for  two  or  three  hours,  in  a  low  open  blast-fumace,  technically  termed  a  "re- 
finery." In  many  works,  reverberatory  furnaces  are  employed,  and  the  crude 
metal  is  exposed  on  the  central  bed  to  the  action  of  a  highly-heated  column 
of  gas  firom  the  fire-place,  for  about  an  hour  and  a  half.  Several  of  the  French 
and  American  manufacturers  employ  the  open  charcoal  forge,  similar  in  con- 
struction to  the  Catalan  hearth  akeady  described.  It  may  be  remarked,  how- 
ever, that  whatever  coustruction  of  furnace  be  employed  for  the  purpose, 
atmospheric  air  is  the  principal  agent  employed  in  purifying  the  crude  iron. 

Tlie  Blast  Refining  Furnace 
Is  built  near  the  blast-fumace,  from  whence  the  liquid  iron  flows  direct 
mto  ihQ  hearth  of  the  fire.    It  consists  of  a  cast-iron  framework,  surmounted 
by  a  brick  chimney ;  at  the  bottom  is  a  shallow,  quad- 
rangular lieailh,  into  wliich  ilip  the  tuyeres  of  two  or 
more  blast-pipes.     The  sides  of  the  hearth  ai'e  fonned 
of  hollow  cast-iron  blocks,  through  which  water  circu- 
lates to  keep  them  from  fusiug  with  the  high  tempera- 
ture, ^v'hile  the  bottom  is  of  refractory  sandstone.     In 
front  is  a  cast-h-on  dam-plate,  fiu-nished  Avitli  a  tapping 
hole  for  withdrawing  the  refiued  mctol ;  the  inner  side 
being  protected  with  brick  or  clay  lining.     A  shallow 
mould,  formed  of  thick  castii'on  blocks,  pai'tially  sus- 
pended in  a  cistern  of  ranning  water,  Ls  placed  in 
front  of  a  dam^plate,  to  receive  the  charge  from  tlic 
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Sectioua  Elevation  of  a  Blast  Refinery, 
hearth ;  water  also  circulates  in  the  tuyeres,  to  prevent  their  lower  extremities 
from  burning.    The  blast  is  admitted  by  a  large  pipe  to  the  valve-box,  from 
which  its  escape  to  the  blast-nozzle  is  regulated  by  a  closely-fitting  stop-valve. 
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A  single  refineij,  or  one  blowing  from  one  side  only,  will  have  a  hearth  about 
three  feet  square  in  the  inside,  by  eighteen  inches  deep ;  a  double  refinery,  or 
one  blown  from  two  sides,  has  a  hearth  about  four  feet  square  and  twenty-one 
inches  deep,  with  pipes  about  an  inch  and  a  half  bore  at  the  point.  A  sec- 
tLonal  elevation  of  a  blast  refinery  is  given  in  the  preceding  page. 

The  refining  of  the  crude  iron  is  conducted  somewhat  in  the  following 
manner : — ^The  hearth  is  filled  with  coke,  and  the  blast  partially  applied,  until 
the  interior  has  attained  a  high  temperature.  If  working  on  cold  iron,  a 
quantity  of  pigs,  weighing  from  twenty  to  thirty  per  cent.,  are  thrown  iu  on 
the  incandescent  iuel,  and  covered  with  additional  coke.  The  fall  blast  is 
now  applied,  and  the  fire  urged  so  as  to  attain  an  intense  heat ;  additional 
fdel  being  added  as  required  until  the  pigs  of  iron  soften,  and  gradually  fusing, 
fall  through  the  interstices  formed  by  the  coke  to  the  bottom.  By  means  of 
iron  bars,  the  attendant  keeps  the  infused  portions  of  metal  under  the  influ- 
ence of  the  heat  around  the  tuyeres;  and,  finally,  stirs  up  the  contents  of  the 
hearth,  to  ensure  the  perfect  reduction  of  the  entire  charge.  When  the  entire 
charge  has  been  collected  on  the  bottom  of  the  hearth,  the  refining  process 
may  be  said  to  commence.  The  union  of  the  oxygen  of  the  blast  with  the 
solid  carbon  combined  with  the  metal,  results  in  such  a  rapid  evolution  of 
gaseous  carbon,  that  the  mass  spontaneously  boils  up,  rising  several  iuches : 
the  superincumbent  stratum  of  fuel  rises  fJso,  and  vibrates  with  the  move- 
ment of  the  boiling  metal,  while  innumerable  minute  globules  of  oxidized  iron 
are  thrown  out  of  the  chimney.  Considerable  skill  is  required  in  managing 
the  blast  to  a  successful  issue.  The  angle  at  which,  the  pipe  dips  into  the 
hearth,  appears  to  be  of  importance  to  the  process ;  each  refiner,  however, 
works  his  blast  according  to  his  own  judgment.  The  several  portions  of  the 
charge  are  successively  brought  under  the  oxidizing  influence  of  the  blast,  so 
as  to  be  equally  acted  upon,  until  the  major  portion  of  the  carbon  being  dis- 
engaged, indicates  the  approaching  completion  of  the  process.  The  fire- 
clay "  stopping*'  of  the  dam-plate  is  now  removed,  and  the  metal  and  cinder 
allowed  to  flow  into  the  shallow  mould  in  front.  When  collected  in  the 
mould,  the  water  is  thrown  rapidly  over  it,  cooling  the  surface  portions,  and, 
at  the  same  time,  oxidizing  a  portion  of  the  iron.  The  cinder,  by  its  inferior 
specific  gravity,  separates  itself  from  the  metal,  rising  to  the  top,  in  which  it 
is  partially  assisted  by  the  attendant  beating  the  molten  mass  with  an  iron  bar. 
On  the  first  application  of  water,  the  steam  produced  lodging  in  the  viscid 
cinder,  swells  it  up  several  inches ;  this  is  broken  down  by  the  beating  as  fast 
as  it  rises,  in  order  that  the  water  may  the  more  readily  reach  the  lower 
portions. 

When  cold,  the  plate  of  refined  iron,  which  may  be  about  three  inches 
thick  by  three  feet  wide,  is  removed  by  a  carriage  to  the  bank,  where  it  is 
broken  into  pieces  of  a  size  convenient  for  the  succeeding  operation  of  pud- 
dling. The  fracture  of  good  metal  exhibits  a  silvezy  whiteness,  while  that  of 
inferior  kinds  is  perceptibly  duller.  On  the  surface  it  is  rough,  and  covered 
with  irregular  cavities,  to  which  the  name  of  honeycomb  has  been  given  from 
some  fioLcied  resemblance  to  that  substance.    The  depth  of  this  cellular  stmo- 
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tore  varies  "with  the  quality  of  the  metal  and  length  of  blowing,  being  least  in 
the  best  irons  ivith  a  limited  blowing. 

The  chemical  effects  of  the  blowing  are  not  well  understood,  researches 
into  the  seyeral  reactions  which  take  place  in  the  hearth  having  been  almost 
whoUj  neglected.  By  carefnUy  analyzing  the  resulting  fine  metal  and  its 
accompanying  cinder,  and  comparing  the  results  with  the  analyses  of  crude 
iron  and  cinder,  some  light  was  thrown  on  the  subject,  which,  pending  the 
completion  of  extensive  experimental  researches  now  in  progress,  the  author 
would  sum  up  as  follows: — ^The  metal  and  cinder  together  represent  the 
crude  iron,  with  oxygen  derived  from  the  blast,  and  solid  matters  derived 
from  the  fuel :  the  quantity  of  matter  derived  from  the  material  of  the  hearth 
is  too  inconsiderable  for  remark  here.  Refinery  cinder  contains  a  huge 
per-centage  of  silica,  which  must  have  been  derived  principally  from  the 
iron ;  it  also  contains  protoxide  of  iron  to  a  large  amount,  from  the  same 
source ;  phosphoric  acid  is  a  constituent  to  the  extent  of  three  to  four  per 
cent,  in  some  specimens ;  sulphur  is  a  common  iugredient,  but  may  have 
been  derived  in  part  from  the  fuel.  Manganese,  magnesia,  and  lime  exist  in 
small  quantities ;  alumina  to  the  extent  of  five  or  six  per  cent  After  deducting 
the  ash  of  the  fuel  and  the  protoxide  of  iron,  there  remaius  a  considerable 
quantity  of  earthy  matters,  the  presence  of  which  can  only  be  accounted  for 
on  the  supposition  that  they  have  been  derived  from  the  crude  iron,  and  that 
to  this  extent  the  cast-iron  has  been  purified  of  alloys. 

Puddling  the  Reflned  Metal. — ^The  further  refinement  of  the  iron  from 
the  blast  refining-fumace  is  conducted  in  reverberatory  furnaces,  technically 
termed  "  puddling-frimaces,"  in  which,  by  skilful  manipulation,  it  is  deprived 
of  most  of  the  remaining  alloy.  The  puddling-fumace  consists  of  a  rectan- 
gular erection  of  iron  plates,  nearly  six  feet  high,  l^e  same  distance  between 
the  two  sides,  and  twelve  feet  long,  lined  throughout  with  fire-brick.  At  one 
end  is  a  fire-place  about  three  feet  square ;  divided  from  the  fire  by  a  brick 
bridge  is  the  body  of  the  furnace,  six  or  seven  feet  long,  and  three  and  a-half 
feet  wide  at  its  widest  part,  resting  on  a  cast-iron  bottom-plate,  on  a  level 
nearly  with  the  bars  of  the  fire-place ;  the  farthest  end  of  the  furnace  is  con> 
tracted  to  eighteen  inches  in  width,  where  it  joins  a  brick  chimney  thirty-five 
to  forty  feet  high,  furnished  with  a  damper  at  top.  The  furnace  is  arched 
over  with  fire-brick ;  and  to  prevent  the  sides  from  beiug  thrust  out  by  the  ex- 
pansion of  the  heated  bricks,  a  number  of  stout  wrought-iron  bolts  connect  the 
two  side-plates,  which  receive  the  thrust  of  the  arch.  At  one  side  of  the  body 
a  working-door  is  placed,  in  a  stout  cast-iron  frame ;  the  bottom  eight  or  ten 
inches  above  the  iron  bottom  of  the  furnace.  The  door  is  moved  vertically 
by  a  balanced  lever,  the  inner  side  fitted  with  a  brick-protecting  lining,  and 
is  furnished  at  bottom  with  a  small  notch,  for  the  insertion  of  the  iron  bars 
used  during  the  operation.  The  fire-place  has  a  small  lateral  opening  for 
charging  ftiel,  which  is  afterwards  stopped  by  a  large  piece  of  .coal.  The 
cinder  produced  during  the  puddling  process  flows  over  a  small  bridge  in  the 
flue,  and  through  an  opening  in  the  bottom  of  the  stack  to  the  outside.  To 
maintain  the  stream  of  cinder  sufficiently  Hquid  for  running,  a  small  coal*fire 
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is  maintained  at  the  foot  of  the  ohimney,  from  whence  the  cinder  flows  into 
a  receptacle  provided  for  the  purpose. 

The  cast-iron  bottom  plate  is  supported  at  short  intervals  by  cross-bearing 
bars  and  pedestals ;  air  is  allowed  free  access  to  it  from  below.  Indeed,  with- 
out this  precaution,  the  bottom  would  be  immediately  fused.  Occasionally  a 
portion  of  the  brickwork  of  the  side  of  the  furnace  next  the  body  or  working 
part  is  removed,  and  cast-iron  blocks,  cooled  by  a  current  of  air  or  water, 
substituted. 

Assuming  that  a  charge  has  been  withdrawn  from  the  hot  furnace,  the 
process  is  recommenced  by  charging  through  the  furnace  door  a  quantity 
of  refined  metal,  broken  into  small  pieces  :  from  four  to  five  cwts.  constitute  a 
charge.  The  pieces  of  metal  are  evenly  distributed  over  the  bottom,  as  far  aa 
practicable  in  an  inclined  position ;  the  door  shut,  and  a  littie  dust  thrown 
around  its  edges  to  exclude  the  cold  sir.  Attention  is  now  directed  to  the 
fire,  which  should  be  cleaned,  fresh  fuel  added,  and  the  damper  fully  opened, 
to  allow  of  an  intense  heat  being  generated  in  a  few  minutes.  The  edges  of 
the  pieces  of  metal  soon  attain  a  white  heat,  and  begin  gradually  to  soften ; 
the  portion  of  the  charge  next  the  fire-place  attaining  a  melting  temperature. 
The  *'  puddler,"  as  the  attendant  workman  is  called,  with  a  stout  iron  bar 
inserted  through  the  notch  in  the  door,  lifts  up  the  coldest  pieces  and  pushes 
them  forward  into  the  hottest  parts  of  the  furnace,  until  the  whole  is  nearly 
dissolved  into  a  liquid  mass.  When  a  portion  of  the  iron  has  been  melted, 
the  hooked  bar  is  inserted,  and  the  entire  mass  raked  up  and  exposed  to 
the  reverberating  action  of  the  hot  gases  from  the  fire.  At  this  stage  the 
inside  of  the  furnace  presents  a  scene  of  intense  brightness,  and  an  in- 
experienced  eye  is  unable  to  distinguish  the  metal  through  the  dazzling 
whiteness  of  the  whole  of  the  interior.  Through  the  small  notch  in  the  door, 
the  puddler  conducts  the  operation  by  constantiy  raking  up  the  fluid  iron,  in 
order  that  the  gases  of  the  reverberatory  current  may  play  on  the  whole,  thus 
lifting  from  the  bottom  any  portions  that  may  have  set,  through  lowness  of 
temperature.  Since  the  current  has  no  power  to  penetrate  the  liquid  iron, 
and  thus  combine  wiUi  the  carbon  and  other  alloyed  matters,  as  in  the  blast- 
refinery,  the  puddler*s  principal  duty  is  to  mechanically  agitate  the  particles, 
so  that  eveiy  portion  may  be  successively  brought  in  contact  with  the  free 
oxygen  in  the  current.  The  assistant  puddler  attends  to  the  fire,  which  he 
maintains  in  fidl  activity ;  at  other  times  he  relieves  his  partner,  or  works  in 
conjunction  with  him.  After  some  time  thus  occupied,  the  puddler  will  have 
separated  the  larger  portion  of  the  alloyed  matters  from  the  iron,  and  brought 
it  to  that  point  technically  known  as  "  coming  to  nature."  When  this  is  the 
case,  the  metal  is  seen  to  attain  consistence,  and  a  curdy-like  matter  is  col- 
lected by  the  hooked  bar ;  tiiis  rapidly  augments,  until  a  sufficiency  has  been 
collected  together  to  form  a  ball  or  bloom.  A  second,  third,  fourth,  and  fifth 
collection  is  successively  made  and  placed  aside  in  the  furnace.  The  charge 
of  refined  metal  will  thus  have  been  converted  into  five  portions,  but  some 
workmen  divide  it  into  seven  or  eight.  While  collecting  the  metal  into  balls, 
a  somewhat  lower  temperature  prevails ;  but  immediately  they  are  formed,  the 
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damper  is  again  opened,  and  the  heat  of  the  furnace  forced,  so  as  to  rapidly 
agglutinate  the  particles  of  metal  in  the  balls.  During  the  raking  and  stirring 
of  the  fluid  iron,  the  door  is  wedged  fast  in  the  frame,  for  which  purpose  the 
latter  requires  to  be  made  very  strong.  This  securing  of  the  door  is  especially 
requisite  in  forming  the  blooms,  since  with  the  heavy  hooked  bar  it  aifords 
the  puddler  an  excellent  fulcrum  for  compressing  and  hugging  the  ball,  to  ex- 
pel as  much  as  possible  of  the  cinder,  nnd  nt  the 
same  time  give  it  a  favourable  form  for  yield.  The 
formation  of  the  balls  completed,  the  dtimper  is 
lowered  and  the  door  opened :  they  are  now  with- 
drawn and  conveyed  to  the  squeezer  or  liammer, 
for  compression  into  oblong  blooms.  The  yield 
or  produce  of  blooms  will  amount  to  nearly  ninety- 
five  per  cent,  of  the  metal  charged  :  the  consump- 
tion of  coal-fuel  averaging  in  weight  one-half  as 
much  as  that  of  the  blooms  produced. 

A  superior  economy  of  fuel  is  obtained  by 
lengthening  the  body  of  the  furnace,  so  as  to  admit 
of  the  succeeding  charge  being  placed  on  the  part 
of  the  bottom  adjoioing  the  stack,  some  time  before 
the  charge  under  operation  is  withdrawn.  In  tins 
way  the  new  charge  is  heated  to  redness  without 
serious  detriment  to  the  charge  in  course  of  being 
balled  up,  and  a  considerable  saving  of  time  and 
fuel  is  effected.  The  furnace  produces  nearly  one- 
fourth  more  blooms,  with  the  same  daily  consump- 
tion of  fuel,  by  this  process.  Economy  of  time  and 
fuel  is  still  further  increased  by  dra\\ing  the  supply 
of  refined  metal  direct  from  the  fining  hearth  in  a 
fluid  state  ;  the  fuel  and  time  expended  in  mclthig 
the  iron  being  thereby  saved.  This  mode  of  work- 
ing, however,  has  not  been  extensi\  oly 
adopted;  difficulties  having  been  met 
with  in  effectually  separating  tlie  re- 
fined iron  fr'om  its  accompany* 


ing  cinder, 

The  refining  of  crude  iron 
in  the  reverberatory  furnace, 
embraces  in  one  furnace  the 
separate  operations  of  refining 
and  puddling.  In  dimensions 
and  general  arrangements,  the 
furnaces  employed,  known  in 
the  trade  as  "  boilingfumaces," 
are  veiy  pii^fiilfti*  to  puddling^ 
furnaces 


Section  of  a  Reyerberatoiy  Beflning  Fomace. 
The  charging  and  first  part  of  melting  are  similatly  conducted  in 
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both  processes ;  but  after  the  fusion  of  the  crude  iron  on  the  bottom  of  the 
fdmace,  the  appearances  presented  are  very  dissimilar  to  those  vnQi  refined 
metal.  At  first  the  liquid  iron  forms  a  level  sheet,  which  gradually  swells  up 
with  the  rapid  manipulation  of  the  workman,  until  it  has  risen  six  or  seven 
inches  above  its  former  leveL  The  entire  mass  appears  to  heave  and  boil ; 
innumerable  eruptions  arise  on  its  surfeuse ;  and  bursting,  discharge  their  pent- 
up  gases.  The  puddler  must  be  incessant  in  his  manipulations ;  every  portion 
is  to  be  raked  up  and  exposed  to  the  oxidizing  influence  of  the  current  of  the 
gases,  untQ  the  diminished  action  shows  the  near  completion  of  the  refining 
part  of  the  process.  At  this  stage  a  carefal  manipulation,  with  a  judicious 
regulation  of  the  temperature,  results  in  the  segregation  of  the  iron  into  particles 
of  a  pasty  consistence,  which  eventually  agglutinate  by  pressure  into  masses 
of  the  required  size  for  blooms.  The  conclusion  of  the  process,  the  drawing- 
out  of  the  blooms  and  recharging,  differs  from  this  part  of  the  puddling 
process  only  in  the  tapping  off  the  larger  portion  of  the  cinder  produced 
previous  to  recharging. 

The  rising  of  the  molten  mass  appears  to  result  from  the  expansive  action 
of  the  recently-formed  gases  against  the  viscid  cinder.  By  attention  to  the 
temperature  and  consistence  of  this  cinder,  the  rising  may  be  partly  con- 
trolled ;  but  the  nature  and  quantity  of  the  alloyed  matters  greatly  influence 
the  process.  Since  the  carbon  combined  with  the  metal  has  to  be  eliminated, 
by  first  converting  it  into  carbonic  acid,  a  greater  or  less  amount  of  carbon 
wiJl  result  in  a  corresponding  risiag,  and  lengthened  manipulation,  for  its 
exposure  to  the  oxygen  of  the  reverberating  column  from  the  fire-place. 
Iron  containing  a  TnaYiTnimn  per-centage  of  carbon,  with  a  deficiency  of  earthy 
matters  in  alloy,  is  refined  with  difficulty ;  and  requires  an  addition  of  cinder 
from  the  mill-rollers,  to  protect  the  metal  from  a  too  rapid  oxidation.  Crude 
iron  of  this  character  also  works  hot  in  the  furnace,  and  great  difficulty  is  met 
with  in  bringing  it  to  the  agglutinative  point  for  balling  up.  This  probably 
arises  from  the  heat  evolved  by  the  combustion  of  the  excessive  per-centage 
of  carbon  in  the  crude  iron.  Where  the  quantity  of  carbon  is  large,  as  in 
the  Scotch  irons  smelted  from  carbonaceous  ores,  tiie  heat  thus  evolved,  with 
an  ample  supply  of  air,  is  sufficient  to  raise  the  temperature  to  a  degree 
injurious  to  the  successful  manipulation  of  the  iron,  and  dangerous  to  the 
metal  bottom.  Throughout  the  process,  also,  the  temperature,  from  the  same 
cause,  is  less  under  the  control  of  the  workman. 

Various  inventions  have  been  tried  as  auxiliaries  for  the  more  perfect 
separation  of  the  matters  in  alloy,  but  very  few  have  stood  the  test  of  expe- 
rience. The  application  of  steam,  at  one  time,  promised  to  be  an  essential 
improvement.  High-pressure  steam  was  conveyed  in  pipes  to  the  bottom  of 
the  molten  iron  in  the  blast  or  reverberatory  refining-fnmace ;  and  in  its 
escape  upwards,  agitated  the  iron,  thereby  increasing  the  surface  exposed  to 
the  action  of  the  air  in  the  gaseous  current  from  the  fire-place.  The  white- 
hot  iron  decomposed  the  steam  into  its  elements  of  oxygen  and  hydrogen ;  a 
portion  of  the  former  reacted  on  the  carbon  in  the  mass,  producing  carbonic 
add,  while  the  latter  was  free  to  combine  with  any  sulphur  present.    With 
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some  ii'ons,  the  increase  of  temperature  on  the  combustion  of  the  carbon  was 
considerable,  and  greatly  expedited  the  operation.  Theoreticallj,  it  seemed 
that  the  nse  of  perfectly  dry  steam  shoidd  leave  little  to  be  efifected  in  the 
way  of  refining  crude  iron ;  and  the  fact  of  the  inyention  having  been  re- 
patented  five  or  six  times  within  the  last  few  years,  shows  that  much  attention 
is  directed  to  it.  Nevertheless,  the  use  of  steam  has  been  abandoned  in  the 
works  where  first  tried,  and  the  realization  of  the  theoretical  advantages  is 
stiU  a  desideratum,  Mr.Nasmyth,who  last  tried  the  experiment,  having  come 
to  the  conclusion,  after  many  experiments,  that  the  steam- condenser  had  the 
effect  of  reducing  the  temperature  of  the  metal  in  the  furnace. 

The  separation  of  the  alloyed  matters  has  also  been  attempted,  by  adding 
in  the  refining  process  various  substances,  singly  or  in  mixture.  One  of 
these  mixtures  consists  principally  of  oxide  of  manganese  with  charcoal, 
plumbago,  and  nitrate  of  potash.  In  a  secoi^d  mixture,  the  ingredients  were 
tep  cinder,  heematite  ore,  coke  dust,  fire-clay,  and  chalk ;  a  third  was  com 
posed  of  sulphur,  nitrate  of  potash,  potash,  borate  of  soda,  and  sulphate  of 
alumina ;  a  fourtli  consiste  of  peroxide  of  manganese,  common  salt,  and  potter's 
clay.  These  and  other  patented  compositions,  however,  have  not  answered  in 
practice.  Ground  haematite,  nearly  free  from  silidous  matter,  added  in  small 
quantities  at  a  time,  facilitates  the  puddling  operation,  as  also  do  rich  oxides 
generally ;  but  it  is  essential  that  they  be  free  from  deleterious  substances. 

The  refining  of  the  iron  by  the  decomposition  of  water,  has  also  been 
several  times  attempted.  This  is  done  by  pouring  the  liquid  iron  into  a  quan- 
tity of  water  sufficiently  large  to  prevent  the  iron  heating  it  above  the  boiling 
point.  The  white-hot  iron,  falling  in  finely  divided  streams,  decomposes  a 
portion  of  tlie  water,  liberating  oxygen,  wliich  reacts  on  the  carbon ;  the 
hydrogen,  similarly  set  free,  acte  on  the  sulphur,  thus  forming  sulphuretted 
hydrogen.  Cold  iron,  immersed  in  water,  appears  to  slowly  undergo  a  similar 
alteration  of  composition ;  but  in  tliis  case  a  portion  of  the  metal  is  oxidized. 
The  invention  is  a  very  old  one,  having  been  used  more  than  half  a  century 
ago.  It  was  recently  made  the  subject  of  a  patent,  which  a  professor  of 
metallurgy,  in  his  inaugural  address,  adduced  as  a  striking  instance  of  the 
ignorance  prevailing  among  manufacturers.  Chemically,  however,  the  dis- 
charging the  iron  into  water,  is  a  valuable  invention ;  while,  practically,  the 
odour  of  sulphuretted  hydrogen,  evolved  during  the  pouring  of  sulphuiy 
irons,  is  too  apparent  to  doubt  the  good  effect  produced  on  the  quality,  when 
the  operation  is  properly  conducted. 

The  refining  of  iron  in  reverberatory  furnaces,  is  sometimes  practised  on 
the  liquid  metal  run  direct  from  the  blast-furnace.  A  saving  of  fuel  resulte 
from  this  procedure,  and  tiie  quality  appears  to  be  slightly  improved  when 
sldlfully  conducted.  It  necessitates  the  erec^on  of  the  reverberatory  furnace 
and  forge  close  to  the  blast-furnace,  which  is  a  disadvantage  in  the  majority 
of  works,  and  leads  to  a  temperature  in  the  foige  almost  unendurable. 

Shingling  Puddle  Balh. 
The  white-hot  balls  of  the  puddling  furnace  ate  removed  to  the  hammer, 
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to  be  farther  shaped  before  passing  through  the  rollers.  The  forge-hammer, 
or  helve,  is  nsually  of  a  "P  form  on  the  plan,  resting  at  each  wing  on  cast- 
iron  pillars,  fixed  in  ponderous  standards,  and  lifted  at  the  narrow  end  by 
projecting  cams  fixed  in  a  castiron  ring  piece,  which  receives  a  revolving 
motion  from  a  steam-engine,  or  otlier  motive  power.     The  an^dl  is  fixed  in  a 


Elevation  of  Forge-kainmer. 

mMsive  iron  block,  weighing  several  tons,  situate  between  the  cam-ring 
ancl  helve  standards.  The  hammer  is  a  loose  piece  of  iron  fixed  in  a 
sooket  in  the  helve.  Wlien  not  in  operation,  it  is  propped  up  at  a  distance 
above  the  anvil,  and  beyond  the  reach  of  the  cams  in  their  revolution.  The 
entire  apparatus  rests  on  a  stout  iron  bed-plate,  which  is  firmly  spiked  down 
to  a  ponderous  wooden  bedding,  employed  for  the  purpose  of  reducing,  as 
much  as  practicable,  the  injury  which  results  from  the  vibration  of  the 
blows. 

The  hammer-man  takes  hold  of  the  hot  puddle  ball,  and  lifting  it  on  the 
anvil,  allows  the  hammer  to  fall  on  it  a  few  times,  giving  it  a  tuni  between 
each  blow  to  approximate  it  to  the  square  or  cylindrical  form,  as  may  be 
desired.  He  then  skilfully  raises  it  on  end ;  and  allowing  the  hammer  to  give 
it  a  couple  of  blows  in  this  direction,  completes  the  "  upsetting,"  as  it  is  tech- 
nically termed,  and  again  proceeds  to  the  reduction  of  the  bloom  to  a  short 
bar  five  or  six  inches  in  diameter.  The  effect  of  the  severe  hammering  is  to 
expel  a  large  quantity  of  the  cinder  wrapped  up  with  the  iron  in  the  porous 
puddle-ball,  and  by  condensing  the  particles,  otherwise  improve  the  quality 
of  the  product.  Hammering  each  ball  lasts  twenty-five  or  thirty  seconds,  in 
which  time  it  may  receive  thirty  or  forty  blows.  To  keep  the  anvil  cool,  and 
prevent  the  adhesion  of  cinder,  a  small  stream  of  water  is  occasionally  directed 
on  it.  The  still  red-hot  bloom  is  taken  direct  to  the  roughing  rollers  of  the 
puddling  train,  and  rapidly  rolled  down  to  a  bar. 

The  forge-hammer  has  been  nearly  supplanted  by  the  squeezer,  a  modem 
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contrivance  of  some  merit.  It  consists  essentially  of  a  ponderous  cast-iron 
lever,  vibrating  on  centre  gudgeons,  and  wrought  by  a  connecting-rod  attached 
to  the  crank,  placed  on  a  level  with  the  puddling-rollers.  The  under  surface 
of  one  end  carries  a  hammer  face ;  underneath  this  is  fixed  to  the  massive 
framework  of  the  apparatus  a  long  and  somewhat  broad  anvil  block :  both 
hammer  and  anvil  are  kept  from  burning  out  by  a  stream  of  water  circulating 
through  them. 

The  reduction  of  the  ball  to  a  cylindrical  bloom  in  the  squeezer,  is  per- 
formed by  a  series  of  squeezings ;  but  as  the  stroke  given  to  the  lever  by  the 
crank  is  invariable,  the  sjiace  between  the  hammer  and  anvil  regularly 
diminishes  towards  llie  fulcrum.     In  the  i)rocess  of  squeezing,  the  bloom  is 


Elevation  of  Lever  Squeezer,  and  end  view  of  Fuddle  UoUcra. 

rolled  over,  at  each  stroke  of  the  lever,  by  a  movement  of  the  tongs,  to  the 
narrow  part,  until  the  required  diminution  of  size  has  been  ejSected.  The 
upsetting  is  performed  at  the  extremity  of  the  lever,  where  the  stroke  and 
space  together  afford  ample  height  for  the  bloom  endwise.  Care  is  required 
on  the  part  of  the  shingler,  that  the  ball,  if  hard,  is  not  rolled  towards  the 
ftdcrum  too  rapidly ;  for  if  this  should  occur,  the  apparatus  must  give  way  in 
some  part. 

Lever  squeezers,  in  their  turn,  have  had  to  compete  with  numerous  in- 
ventions professing  to  perform  the  blooming  of  the  ball  better  and  at  a  cheaper 
rate.  Few  of  them,  however,  have  been  able  to  stand  a  preliminary  trial ;  and 
even  those  invented  by  practical  iron-masters  have  had  to  succumb  to  the 
common  squeezer  and  hammer.  The  cost  of  blooming  by  either  of  these 
apparatus,  in  a  well-arranged  forge,  working  to  its  fall  power,  amounts  to  only 
fivepence  per  ton,  including  interest  on  capital  and  repairs.  In  devising  a 
substitute  for  either,  it  is  necessary  to  bear  this  item  in  mind ;  for  it  is  very 
evident  that  an  apparatus  which  works  at  a  higher  rate  cannot  successfully, 
in  a  commercial  point,  compete  with  its  cheaper  rival. 
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The  steamhammer  has  like- 
wise been  pressed  into  the  ser- 
vice of  the  iron  mannfiEkcturer. 
This  apparatus  answers  admir- 
ably the  varying  work  of  the 
engine-maker  and  millwright; 
but  for  iron-making  purposes  it 
possesses  no  superiority  over  the 
common  forge-hammer,  though 
several  times  more  costly.  The 
balls  of  porous  iron  from  the 
puddler  are  so  nearly  alike  in 
size  and  hardness,  that  little 
variation  is  required  in  the 
blows,  which  the  common  ham- 
mer gives  with  great  rapidity. 

RoUing  the  Bloom, 

The  bloom  from  the  hammer 
or  squeezer  is  passed  first  be- 
tween a  pair  of  roughing-rollers 
(in  Staffordshire  tliey  are  called 
"  bolting-rollers"),  and  then  be- 
tween a  pair  of  finishing-rollers, 
to  convert  it  into  a  flat  bar. 
The  two  pairs  of  rollers ,  and  their 
connecting  spindles,  pinions, 
frames,  and  appendages,  are 
technically  called  a  '*  train." 
Commonly,  the  rollers  are  six- 
teen or  eighteen  inches  diameter, 
and  three  or  four  feet  long,  with 
end  bearings  nine  or  ten  inches 
diameter,  and  square  or  fluted 
projecting  ends,  by  which  they 
are  driven.  They  are  cast  of 
tolerably  hard  iron,  and  turned 
in  a  lathe  to  the  required  longi- 
tudinal section.  Very  strong 
pinions  couple  together  the  top 
and  bottom  rollers,  so  as  to  de- 
liver the  iron  simidtaneously  in 
the  same  direction.  The  cast^ 
iron  frames  require  to  be  ex- 
ceedingly massive,  and  substan- 
tially fitted  with  acyusting  screws 
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and  nuts.  At  one  end,  the  train  of  rollers  is  connected  to  a  prime-mover 
(generally  steam),  by  which  they  are  driven  at  tlie  rate  of  sixty  or  eighty 
revolutions  per  minute.  The  inequalities  of  motion,  which  otherwise  would 
be  very  great,  are  met  by  a  ponderous  fly  wheel,  revolving  with  the  same,  or 
even  greater,  rapidity,  than  the  rollers.  The  general  arrangement  of  a 
puddle-bar  ti*ain,  including  the  squeezer,  is  represented  in  the  preceding 
engraving ;  the  end  view  of  tiie  same  in  page  2'iS. 

The  bloom  is  first  passed  through  tiie  largest  groove ;  it  is  then  lifted  back 
over  tiie  top  roller,  turned  one  quarter  aroimd,  and  passed  through  the  next 
smaller ;  repeating  the  process  until  it  is  reduced  to  a  square  bar,  sufficientiy 
small  for  entering  the  fiat  grooves  of  the  finishing-rollers.  In  the  finishing 
pair  of  rollers,  a  repetition  of  the  rolling  and  returning  reduces  it  to  the  re- 
quired thickness,  when  it  is  delivered  as  a  puddle-bar.  From  first  to  last,  the 
bloom  passes  through  nine  or  ten  grooves,  and  is  reduced  from  five  inches 
diameter  and  fifteen  inches  long,  to  a  fiat  bar  three  inches  wide,  three-quarters 
of  an  inch  thick,  and  eleven  feet  long.  The  rolling  and  returning  over  the 
roUs  occupies  a  minute  and  a  quarter ;  tiie  shingling,  lialf-a-minute ;  and  from 
the  charging  of  the  refined  metal  to  the  delivery  of  the  finished  puddle-bar, 
nearly  one  hour  and  a  half  ynil  have  elapsed. 

A  considei-able  difierence  is  obsen^ed  in  tiic  quality  of  puddle  ii'on,  from 
the  two  methods  of  refining.  The  blast-refined  iron  possesses  greater  fibre, 
and  altogether  produces  a  better  malleable  iron,  than  the  product  of  tiie 
reverberatory  furnace.  Chemical  analysis  shows  tiie  latter  to  ccmtain  an 
excess  of  phosphorus  and  sulphur,  and  also  a  larger  quantity  of  silicon. 
Their  presence  in  greater  quantity  seems  to  point  to  the  incompleteness  of 
the  reverberatory  process  for  refining.  The  irons  made  by  this  process  are 
very  generally  hot-short  (tiiat  is,  brittle  when  hot),  and  incapable  of  being 
rolled  into  some  intricate  forms  of  finished  bar-ii'on.  "When  cold,  however, 
the  purest  specimens  possess  considerable  tenacity. 

It  is  a  question  whether  the  cleansing  the  iron  of  the  alloyed  matters  can 
be  efficientiy  performed  in  a  single  operation,  ivithout  the  emp'lo^^ment  of  a 
blast.  Chemically,  the  constituents  of  refined  ii*on  from  the  blast-refinery 
accord  very  nearly  with  the  composition  of  puddle-bar  from  the  reverberatory 
refinery.  Hence  tiie  bars  from  tlie  former  are  more  pure,  by  tiie  quantity  of 
alloy  removed  in  the  puddling  process.  Tliis  defect  of  boiled  bars  deserves 
tiie  serious  consideration  of  maimftictnrcrs  in  more  than  one  district,  which 
recentiy  has  lost  its  character  for  making  superior  qualities  of  merchant  iron. 

The  matters  in  alloy  are  principaUy  derived  from  the  ore ;  the  sulphui* 
partly  from  the  fuel.  In  tiie  x)reparation,  then,  of  tiic  best  irons,  especial 
attention  must  be  paid  to  the  constituents  of  tiie  ore  used  in  the  smelting- 
fumace.  If  these  are  unfavomnble  as  to  quality,  it  is  hopeless  to  attempt  the 
complete  separation  of  the  injurious  ingi*edients  in  subsequent  processes, 
other  than  with  a  ruinous  waste  of  metal  and  labour.  The  blast  refiner}' 
removes  a  portion,  the  puddling  process  a  second  portion,  and  the  reheating 
furnace  a  furtiier  quantity ;  but  the  resulting  malleable  iron  is  still  contami- 
nated by  the  presence  of  minute  quantities  of  the  alloy,  which  it  is  nearly 
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impossible  to  wholly  eradicate.  Phosphorus  and  sulphur  are  commonly 
considered  the  substances  which  exercise  the  greatest  deteriorating  in- 
fluence on  quality;  it  is,  however,  highly  probable  that  silicon,  calcium, 
magnesiom,  and  a  few  other  substances,  impair  the  quality  to  neai'ly  an 
equsd  extent. 

The  cinders  produced  in  the  puddling  process  appear  to  be  of  a  different 
composition  to  those  from  the  boiling  furnace.  The  latter  display  a  larger 
amount  of  lime,  phosphoric  acid,  sulphur,  and  silica ;  in  fact,  are  not  widely 
different  from  some  varieties  of  tlie  blast  refinery  cinder.  By  adding  together 
the  constituents  of  the  refinery  and  puddling  cinders,  it  is  seen  that  the  pro- 
portion of  injurious  matter  removed,  relatively  to  the  quantity  of  iron,  is  very 
much  larger  than  in  the  boiling  process. 

A  difference  of  quality  is  observed  between  the  iron  worked  with  a  forge- 
hammer,  and  such  as  is  worked  with  a  squeezer.  The  former  is  found  to  be 
more  tenacious,  and  freer  from  cinder,  than  the  latter.  Tliis  difference,  it  is 
generally  believed,  arises  from  the  motion  of  the  squeezer,  which  is  gradual 
and  pressing,  while  the  hammer  violently  expels  the  impurities  by  heavy  blows 
given  in  quick  succession.  A  preference  is  very  generally  given  to  the  ham- 
mer, where  the  quality  is  considered  of  paramount  importance. 

The  baUing-up  of  the  ii'on  in  the  puddling  process  is  a  highly  interesting 
point  in  the  manufacture,  insomuch  that  it  foi*ms  the  connecting  linlc  between 
cast  and  malleable  iron.  Up  to  this  point  in  the  operation  the  iron  is  brittle, 
devoid  of  malleability,  and  melts  readily  at  a  temperatm*e  between  2000  and 
3000  of  Fahrenheit's  thermometer.  After  the  boUiug-up  and  the  manipu- 
lation of  the  shingle,  tlie  iron  is  malleable,  tenacious,  and  fuses  only  at  a 
very  high  temperature. 

Chemical  analysis  hitherto  has  failed  to  inform  us  of  the  cause  of 
malleahility  in  iron,  since  no  appreciable  difference  can  be  detected  between 
bar-irons  and  some  crude  cast-irons.  The  latter  may  be  deprived  of  its  alloy 
so  as  to  produoe  an  iron  gimiln.r  in  composition  to  bars,  yet  the  malleable 
principle  is  wanting.  Crude  cast-irons  made  from  the  rich  haematites  of 
Lancashire  and  Cumberland,  appear  to  be  less  brittle  than  others,  and  possess 
a  limited  amount  of  elasticity ;  in  other  respects,  however,  they  show  the 
characteristics  of  cast-iron.  Exposing  thin  castings  from  these  ores  to  heat 
along  with  ground  haematite  in  close  vessels  for  a  long  period,  results  in  tlic 
abstraction  of  most  of  the  carbon,  and  the  consequent  production  of  limited 
malleability.  Attempts  have  been  made,  and  are  now  malcing,  to  convert  the 
crude  cast-iron  into  wrought-iron,  by  a  system  of  blast-refining  witiiout  fuel, 
and  subsequent  application  of  the  hammer  or  squeezer, — a  process  which  we 
shall  describe  in  detail,  although  it  has  not  as  yet  attained  such  certainty  as 
to  justify  a  decided  opinion  of  its  merits.  Mere  refining,  however,  even  with 
the  addition  of  fluxes,  fidls  to  produce  malleable  iron.  ^Manipulation  to  a 
certain  extent  is  essential  to  the  development  of  the  malleable  principle,  wliich 
then  progresses  proportionately  with  the  working.  Various  oxides  and  sul- 
phurets,  however,  possess  the  property  of  retarding  and  sometimes  entirely 
destroying  the  agghitinous  character  of  the  iron  at  the  ciitical  point.    Their 


Digiti 


ized  by  Google 


232 


CUTTIKO   BARS   INTO  LENGTHS. 


presence  is  shown  by  the  inability  of  the  puddler  to  ball  up  his  iron,  which 
persists  in  retaining  the  consistence  of  a  dry  pebbly  mass. 

The  welding  principle  of  wrought-iron,  also  developed  at  this  critical 
point  in  the  operation,  is  equally  characteristic  of  the  singular  properties  of 
the  metal.  Here,  also,  analysis  fails  to  point  out  the  acting  cause  why  some 
irons  are  capable  of  welding,  and  others  not ;  nor  does  it  explain  the  reason  of 
iron  being  so  pre-eminentiy  distinguished  for  this  property  over  all  other 
metals.  Various  theories  have  been  propounded;  but  the  most  feasible  expla- 
nation of  the  welding  appears  to  be  the  accession  of  a  quantity  of  heat, 
sufficient  for  softening  and  uniting  the  two  pieces  by  pressure,  considerably 
before  the  temperature  of  fusion  is  attained.  Metals  apparently  devoid  of  this 
principle,  retain  their  hardness  up  to  the  moment  of  liqfuefaction ;  consequently 
no  opportunity  is  offered  for  union  in  the  malleable  state. 

Cutting  Puddle  Bars  to  Length, 

This  is  performed  by  powerfiil  lever  shears,  containing  steel  knife  edges, 
driven  by  the  same  power  as  the  rollers,  and  at  nearly  similar  velocities.    The 

proportions  of  the 
shears  intended  for 
cutting  bars  cold,  are 
considerably  heavier 
than  for  bars  direct 
from  the  finishing 
rollers.  Knives,  four 
inches  deep,  one  and 
a  half  inch  vnde, 
and  sixteen  inches 
long,  bolted  to  the 
fixed  and  moveable 
arm  of  the  appara- 
tus, are  a  common 
proportion.  Great 
care  is  required  that 
the  knives  pass  each 
other  with  a  certain 
degree  of  tightness, 
or  the  wedge-like  ac- 
tion of  the  flat  bar  at  the  point  may  break  off  the  moveable  arm.  This  is 
more  especially  the  case  with  shears  for  cutting  cold  iron,  which,  in  addition  to 
being  kept  in  contact,  require  the  knives  at  all  times  to  be  clean  with  a  sharp 
V-cutting  angle.  The  knives  of  shears  cutting  hot  bars  are  kept  irom  soften- 
ing by  a  small  current  of  water  directed  against  them;  but  the  same  degree  of 
sharpness  is  not  required  here  as  in  cold  shearing. 

Piling  the  Cut  Puddle  Bars. 
To  convert  the  puddle  bars  into  the  various  forms  of  the  finished  malleable 
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iron  met  with  in  commerce,  the  short  pieces  from  the  cutting-shears  are  piled 
one  on  the  other  to  form  a  mass  of  a  weight  suited  to  the  weight  of  the  har  to 
be  operated  on.  The  piles  yary  greatly  in  size  and  arrangement,  according 
to  the  magnitude  and  purpose  of  the  finished  bar.  If  common  bar-iron  of 
average  size  be  the  order  of  the  day,  they  will  measure  some  two  feet  long 
and  four  inches  square ;  with  larger  sizes  they  measure  five  or  six  feet  long 
by  ten  or  twelve  inches  square.  A  nearly  uniform  size  in  the  pieces  com- 
posing the  pile,  whatever  be  its  dimensions,  is  essential  to  successful  results. 
The  piles  are  constructed  to  the  number  of  six  or  seven,  or  more,  on  an  iron 
frame  standing  about  two  feet  above  the  floor,  from  whence  they  are  taken  as 
required  by  the  workmen  engaged  in  bringing  them  to  a  welding-heat  pre- 
paratory to  rolling. 

Heating  Furnace, 

A  reverberatory  furnace  of  nearly  the  same  dimensions  as  the  puddling- 
furnace,  but  having  a  refractory  silicious  sand-bottom,  is  employed  in  heating 
the  piles.  The  bottom  is  rendered  even,  and  declines  from  the  charging-door 
to  the  back  and  flue,  for  the  flow  of  the  liquid  cinder.  Cast-iron  framing,  with 
tension  bolts  to  restrain  the  pressure  of  the  arched  roof,  and  the  same  power- 
ful chimney,  are  required  as  in  the  puddling- fiimace.  The  piles  are  inserted 
into  the  furnace  on  a  "  peeler,"  and  disposed  on  the  bottom  in  such  manner 
that  the  workman  can  readily  turn  them  over,  or  grasp  them  for  withdrawal. 
The  number  charged  at  one  time  is  inversely  as  the  size ;  but  for  small  piles 
of  the  dimensions  given  above,  they  may  be  taken  at  eight  or  ten.  "When  pro- 
perly disposed  on  the  bottom,  the  charging-door  is  shut  and  all  entrance  of 
air  around  it  prevented  by  a  thick  dusting  of  small  coal  or  ashes.  The  grate 
is  now  cleaned  of  adhering  matter,  coals  added  to  the  fire,  the  stoke-hole 
closed  with  the  friel  so  as  to  prevent  the  admission  of  air,  and  the  damper 
opened  to  its  widest.  An  intense  heat  is  generated,  and  communicated  by 
deflecting  from  the  roof  to  tlie  charge  in  the  body  of  the  fiunace.  The  piles 
receive  the  heat  imequally,  those  nearest  the  fire-place  being  heated  first ;  it 
is  the  duty  of  the  attendant  to  inspect  from  time  to  time  the  condition  of  the 
charge,  and  by  exposing  them  alternately  to  the  strongest  action  of  the  fire,  to 
heat  them  to  the  same  temperature,  occasionally  turning  them  over  to  expose 
the  under  side  equally  with  the  others.  When  the  piles  are  large,  turning 
over  to  heat  the  under  side  is  the  only  operation  to  which  they  are  subjected 
in  the  furnace.  At  a  white  heat  the  softening  of  the  iron  is  followed  by  the 
flowing  of  a  quantity  of  cinder  from  the  interstices,  which  runs  down  the  flue 
to  the  exterior  of  the  chimney.  Considerable  dexterity  is  required  in  manag- 
ing the  fire ;  for  though  in  theory  the  mere  heating  of  a  few  masses  of  iron  may 
seem  a  very  simple  operation,  in  practice  it  is  difficult  of  attainment  economi- 
cally. The  flow  of  ciader  over  the  masses,  when  at  a  white  heat,  protects 
them  to  a  considei-able  extent  from  oxidation ;  but  great  care  must  be  taken 
that  no  air  gains  access  to  the  iron  during  the  process.  If  this  precaution  be 
neglected,  and  air  enters  the  furnace,  either  through  the  fire  being  too  open 
or  the  door  imperfectly  sealed,  the  metal  is  rapidly  oxidized,  and  great  loss 
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results.  The  particles  of  oxide  of  iron  formed,  eventually  cool  into  brittle 
soales,  which  cut  into  the  malleable  iron,  and  destroy  its  continuity  in  the 
subsequent  processes.  If  allowed  to  proceed,  the  oxidized  surfsices  of  metal 
cannot  be  brought  to  a  welding  condition ;  and  whatever  pressure  be  applied, 
the  pieces  of  puddle  bar  composing  the  pile  cannot  be  forced  into  union. 

It  may  here  be  remarked,  that  by  bringing  gaseous  and  solid  carbon  in 
contact  with  the  oxide  in  the  blast-fdmace,  the  oxygen  forms  new  combina- 
tions, liberating  the  iron  in  the  metaUic  state.  The  superior  affinity  at  hi^ 
temperatures  of  carbon  over  iron  for  oxygen,  has  been  taken  advantage  of 
from  time  immemorial  for  the  ready  separation  of  oxygen  in  oxides  of  iron. 
But  in  its  progress  from  the  blast-furnace  to  the  state  of  a  finished  bar  of 
malleable  iron,  in  the  absence  of  carbon,  the  iron  has  a  constant  tendency  to 
return  to  the  condition  of  an  oxide.  In  the  blast-refinery,  one-half  of  the 
metal  would  be  oxidized,  were  it  not  for  the  stratum  of  carbon  fuel  covering 
the  molten  iron,  and  which  decomposes  the  oxide  nearly  as  feist  as  it  is 
formed.  In  the  puddling-fiimace  the  metal  is  unprotected  by  carbon,  and 
the  greatest  care  and  skill  is  demanded  fr'om  the  puddler  that  a  large  portion 
is  not  lost  through  wasteful  oxidation.  The  heating  process  is  similarly 
situated ;  access  of  air  to  the  iron  causing  a  portion  to  revert  to  its  original 
state  in  the  ore.  So  much  of  the  iron  as  is  thus  oxidized  in  the  several  pro- 
cesses passes  back  to  the  blast-furnace,  to  be  again  reduced  by  presenting  to 
the  oxide  the  carbon  necessary  for  liberating  ibe  metal. 

The  heating  the  charge  to  the  requisite  temperature  is  accomplished  in 
forty-five  or  fifty  minutes,  when  the  bars  are  withdrawn  singly  by  grasping 
them  with  a  pair  of  heavy  tongs,  and  conveying  them  on  a  light  carriage  to 
the  rollers.  A  frequent  practice  is  to  drag  the  white-hot  pile  on  the  metal 
floor  of  the  mill  to  the  rollers ;  but  such  a  proceeding  scarcely  ever  foils  to 
soil  the  iron,  and  injure  the  quality  to  a  slight  extent.  Where  the  quality 
is  sought  to  be  superior,  too  much  care  cannot  be  taken  to  keep  the  iron  from 
contact  with  deleterious  substances. 

The  cinder  flowing  from  the  iron  is  contaminated  by  the  addition  of  a 
portion  of  the  fused  sand  of  the  furnace-bottom,  as  also  by  the  small  quantity 
of  brickwork  of  the  interior  fused  by  the  intensely  high  temperature.  The 
composition  of  tiie  cinder  varies  with  the  iron  and  treatment ;  generally  it 
contains  sixty  or  sixty-five  per  cent,  of  protoxide  of  iron,  twenty-nine  or 
thirty  of  silica,  with  smaller  quantities  of  protoxide  of  manganese,  alumina, 
phosphoric  acid,  lime,  magnesia,  and  sulphur. 

The  Rolling  Mill, 

The  rollers  used  in  this  process  vary  in  size  with  the  iron  to  be  reduced  : 
heavy  bars  are  rolled  between  rollers  of  eighteen  or  twenty  inches  diameter ; 
lighter  bars  between  rollers  twelve  and  fourteen  inches ;  and  the  smallest  sizes 
in  miUs  have  rollers  six  to  eight  inches  diameter.  A  heavy  rolling-mill 
consists  of  two  pairs,  distinguished  as  "  roughing"  and  "  finishing"  rollers,  with 
shears,  saws,  and  other  appendages  for  completing  the  operations  on  the  bar, 
in  addition  to  the  eight  or  nine  heating-furnaces.    The  roughing-rollers  are 
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commonly  about  six  feet  long,  the  linishing  about  ball'  as  much ;  the  two 
paira  are  coupled  as  in  the  puddling  train,  and  driven  at  speeds  varying  from 
sixty  to  a  hundred  and  twenty  revolutions  per  minute.  The  frames,  sole- 
plates,  connecting-spindles,  and  pinions,  are  required  to  be  heavier  than  in 
the  puddling  process,  and  greater  accuracy  and  finish  are  reqtured  throughout. 
"When  a  steam-engine  is  employed  to  drive  the  trains,  the  size  ought  to  afford 
100  horse-power  to  each ;  but  smaller  rollers  are  driven  with  proportionately 
less  power.  The  tooth-wheels  to  bring  up  the  speed  of  the  rollers,  the  fly 
wheel  to  equalize  the  speed,  and  the  shafts,  framework  of  Uie  mill,  and  sub- 
structure, require  to  be  proportionately  heavy  and  strong.  All  the  parts  subject 
to  strain  are  made  many  times  stronger  than  a  casual  spectator  would  consider 
necessary ;  this  is  done  to  avoid  the  loss  of  iron  and  labour,  and  the  ruinous 
delay  necessarily  attendant  on  every  breakage  of  the  machinery  employed. 

Turnimj  the  Rollers. 

The  rollers  employed  are  made  of  cast  iron,  of  as  hard  texture  as  can  well 
be  worked ;  soft  iron  is  inadmissible.  They  are  allowed  to  cool  in  the  mould, 
having  been  cast  on  end  with  a  liigh  pressure  of  metal  to  insure  solidity  in 
every  part,  without  wliich  they  are  useless ;  they  are  afterwards  taken  to  the 
lathes,  and  placed  in  a  centering-lathe  for  turning  the  axles.  This  is  done  by 
the  projecting  end  of  a  wide  chisel,  firmly  held  horizontally  by  wedging  in  a 
cast-iron  frame,  and  pressed  against  the  metal  of  the  roller  by  otlier  wedges  iii 
the  rear.  Motion  is  communicated  to  the  roller  through  tlie  intervention  of 
powerful  spur-  gearing,  from  a  steam-engine  or  water-  wheel.    Tliougli  rude,  this 

process  is  more  expeditious  than  witli 
tliu  liighly  finished  lathe  of  the  engine 
maiuifacturer,  which  would  speedily 
be  rendered  unsersiceable  if  forced  to 
cut  oif  at  each  revolution  a  tliick  ring 
of  cast-iron  from  a  cylinder  weighing 
several  tons.  From  tlie  centering- 
lathe  the  roller  is  taken  to  a  second 
lutlio.  and  placed  in  brasses  on  its 
rcceutly  turned  axles ;  motion  is  here 
communicated  to  it  through 
the  inten^ention  of  strong 
tooth-wheels  and  spindles  to 
the  amount  of  two  or  three 
revolutions  per  minute,  de- 
pending on  Uie  hardness  of 
the  iron  and  tlie  size  of  tlic 
roller.  Witli  hard  iron  tlie 
velocity  is  reduced,  to  prevent  softening  of  Uie  steel  cuttuig-tools  by  heatmg. 
The  hardest  rollers  cannot  be  advantageously  turned  at  greater  velocities  than 
one  revolution  in  three  minutes,  but  the  majority  of  grooved  rollers  bear  turn- 
ing at  the  higher  velocity. 
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The  lathe  in  which  the  working  part  of  the  roller  is  turned,  requires  to  be 
exceedingly  strong;  a  minimum  section  of  100  square  inches  of  iron  in  the 
weakest  place  is  not  too  much. 

The  first  operation  peiformed  on  the  body  of  the  roller  is  to  reduce  it  to  a 
smooth  cylinder  of  the  same  diameter  throughout  This  is  done  with  chisels 
tliree  or  four  inches  wide,  resting  on  iron  blocks  and  secured  in  the  desired 
X)osition  by  wedging  as  in  turning  the  axle.  The  best  cast-steel,  carefolly 
tempered,  is  demanded  for  the  cutting  tools.  When  reduced  to  a  perfect 
cylinder,  the  motion  is  discontinued,  and  the  design  inscribed  on  its  periphery ; 
the  design  varies  with  the  section  of  the  bar  which  it  is  intended  to  roll.  If 
intended  for  a  cylindrical  bar,  grooves  nearly  of  a  semi-circular  shape  are  cut 
out  by  similarly  shaped  tools,  during  the  revolution  of  the  roller;  square 
bars  have  the  grooves  of  a  triangular  shape.  On  placing  two  of  these  together, 
it  is  obvious  that  they  form  either  a  square  (Fig.  1)  or  circular  orifice  (Fig.  2), 
and  if  made  to  revolve  so  that  the  peripheries  of  the  rollers  when  in  contact 
move  in  the  same  direction  and  with  the  same  velocity,  a  soft  substance  inter- 
posed is  forced  to  the  figure  produced  by  their  junction.  On  the  other  hand, 
the  substitution  of  a  plain  cylindrical  roller  on  one  part,  would  result  in  the 
production  of  a  bar  having  a  section  corresponding  to  the  semi-drcular  or 
triangular  form  of  the  single  groove  used.  The  effect  of  this  alteration  on 
the  sectional  form  of  the  rollers  at  their  junction  is  seen  in  Figs.  3  and  4. 


Fig.  1. 


Fig.  2. 


Fig.  5. 


Flg.6. 


Fig.  3. 


ng.4. 


Fig.  8. 


Flat  bars  are  produced  on  wimilnr  principles :  a  groove  of  the  required  width 
is  sunk  in  the  roller  much  deeper  tlian  the  intended  thickness  of  the  bar ;  the 
excess  being  filled  up  by  a  projecting  tongue  on  the  top  roller  (Fig.  5).  By 
merely  altering  the  distances  of  the  two  rollers,  bars  of  various  thicknesses 
may  be  rolled  by  the  same  pair  of  rollera '(Fig.  6).  When  the  depth  of  the 
f^roove  is  considerable,  allowance  has  to  be  made  for  delivering  the  bar  fireely, 
by  widening  the  top  of  the  groove  so  as  to  give  it  a  slightly  tapering  form 
(Fig.  7).  This  tapering,  however,  interferes  with  the  parallelism  of  the  sides 
of  the  bar,  which  has  to  be  reversed  and  rolled  in  the  finishing  groove  twice, 
by  which  the  deviation  firom  the  parallel  is  reduced  one  half;  except  in  very 
thick  bars,  the  remainder  is  not  readily  perceptible  to  an  inexperienced  eye. 
A  distorted  figure  of  the  section  of  a  thick  bar  (Fig.  8),  shows  the  effect  on 
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the  aides  more  clearly.    By  careful  attention  to  the  form  of  the  groove  and 
projecting  tongae,  very  many  apparently  difficult  sections  may  be  rolled. 

The  reduction  of  the  white-hot  pile  of  puddle-bars  to  the  finished  merchant- 
bars,  is  accomplished  by  a  succession  of  rollings,  probably  twelve  or  fifteen  in 
number,  each  time  through  a  groove  smaller  in  section  than  the  preceding 
one.    This  produces  successive  elongations,  corresponding  to  the  reduction  of 
metal  in  section.  It  is,  however,  necessary  to  observe,  that  the  groove  through 
which  the  bar  passes,  while  of  a  reduced  section  and  smaller  in  one  direction 
than  the  previous  groove,  in  the  other  direction  it  is  required  to  be  larger. 
The  rollers  in  their  revolution  are  capable  of  pressing  the  iron  in  one 
direction  only,  viz.  vertically :  the  degree  of  pressure  exerted  in  this  direction 
may  be  varied  at  pleasure,  by  allowing  the  rollers  to  recede  from  each  other 
to  diminish  it,  or  the  reverse  by  screwing  them  into  closer  contact  with 
the  ponderous  set-screws  in  the  frames.    But  the  rollers  are  incapable  of 
exerting  any  action  horizontally  on  the  iron  in  the  direction  of  their  length. 
If  the  bar  is  of  a  section  that  admits  of  turning  on  edge,  and  passing  between 
the  rollers  in  this  way  alternately,  the  width  of  each  groove  is  gradually 
diminished,  but  it  is  in  excess  of  the  height  of  the  preceding  one.     Squares 
and  bolts  are  thus  rolled ;  the  hori- 
zontal axis  of  the  bar  being  length-  y\.  /^^^^^^\ 
ened  in  the  manner  displayed  in            y^         n.              /  \^. 
Figs.  9  and  10.      Flat  bars  are      "*^         y^      "X             y' 
rolled  in  grooves  increasing  in  width              %^  ^r                   >^^,^X 
to  the  last  or  finishing;    but  the                 ^^ 
thickness  in    each  is    diminished                 ^'  *•                        ^*  ^®' 
very  rapidly.     With  very  thick  masses  of  iron  of  a  flat-bottom  section,  it  is 
not  unusual  to  work  half  in  each  roll,  and  afterwards  remove  the  angular 
piece  at  the  side  by  repassing  it  through  the  last  groove. 

To  ensure  the  delivery  of  the  iron  fireely  in  a  straight  liae  without  con- 
tortions, great  attention  has  to  be  paid  to  the  diameter  of  the  rollers,  at  the 
points  where  they  press  on  the  iron.  If  one  be  larger  than  the  other,  the 
periphery  of  the  larger  roller,  by  moving  at  a  greater  velocity,  deflects  the 
iron  from  it.  A  groove  or  tongue  of  one  roller  of  greater  diameter  on  one  side 
than  the  other,  unless  counteracted  by  a  corresi>onding  enlargement  ia  the  other 
roller,  throws  the  iron  out  in  a  spiral  direction,  from  which  it  is  almost  im- 
possible to  straighten  it.  This  defect  in  the  turning  seldom  occurs  with  bars 
of  common  section,  but  unusual  sections  entail  a  mass  of  unseen  labour  in 
guarding  against  its  occurrence. 

The  interior  of  the  grooves  and  the  working  pari  of  the  tongue,  if  any,  it 
is  preferable  to  keep  smooth.  This  is  absolutely  essental  in  the  case  of  the 
last  grooves  through  which  the  bar  passes.  In  the  grooves  of  the  roughing 
rollers,  it  is  common  to  cut  notches,  or  otherwise  dent  the  working  surface,  to 
ensure  a  sufficient  adhesion  to  force  the  bar  through.  This  is  met  more 
effectively  by  increasing  the  diameter  of  the  rollers  to  the  largest  practicable 
point.  The  use  of  notches,  in  any  shape,  injures  the  fibre  of  the  iron,  besides 
affecting  the  sorface  appearance  of  the  bar. 
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Allowance  has  also  to  be  made  for  the  rediictioii  of  size  which  the  bar 
undergoes  in  cooling  from  a  red  heat  down  to  tliat  of  the  atmosphere.  The 
measore  allowed  for  contraction  is  affected  by  the  character  of  the  iron,  and 
temperature  at  time  of  delirery  from  the  groove ;  but  one-fifth  of  an  inch  may 
be  considered  a  fair  allowance  for  bars  one  foot  wide. 

Rolling  Bar-iron, 

The  white-hot  pile  from  the  heating  furnace  is  passed  through  a  large 
groove  in  tlie  roughing  rollers,  by  pushing  it  forward  on  the  fore-plate  until  caught 
and  drawn  through  by  the  rollers.  If  the  pile  is  well-proportioned  to  the 
groove,  it  passes  through  easily;  but  if  too  large,  it  may  require  blows  from 
the  iron  carriage  to  make  it  enter  the  groove :  should  this  occur,  and  the 
roughing  rollers  be  a  small  distance  apart  at  the  largest  diameter,  the 
immense  vertical  pressure  on  the  iron  in  the  small  groove,  forces  out  a  por- 
tion each  side  in  the  form  of  a  thin  flange.  This  has  to  be  carefully  guarded 
against,  as  from  its  thinuess  this  strip  of  iron  cools  rapidly,  and  may*become 
too  cold  for  turning  down  and  welding  in  the  succeeding  groove.  The  pile  is 
now  seized,,  by  a  second  workman,  with  aliea^y  pair  of  tongs;  and  two  hooked 
levers  (see  page  220),  suspended  by  chains  from  the  roof  of  the  mill,  are 
inserted  underneath,  lifting  it  up  over  the  top  roller  and  delivering  it  on  the 
other  side.  In  its  descent  tlie  firat  worlonan  turns  it  over  at  a  right  angle  from 
its  former  direction,  and  pushes  it  towards  the  next  smaller  groove  until  it  is 
dra\vu  in.  The  lifting  back  and  rolling  operations  in  the  roughing  rollers 
are  repeated  till  a  suitable  reduction  has  been  made  for  the  finishing  rollers, 
to  which  it  is  eventually  transferred,  resting  on  the  hooked  levers.  In  these 
it  is  rolled  five  or  six  times,  through  as  many  diminisliing  grooves,  to  the 
required  section,  each  time  turned  partiy  around,  or  the  position  in  regard  to 
the  jointing  of  the  rollers  otherwise  altered.  With  a  heavy  strain  and  soft 
iron,  constant  attention  is  paid  to  the  action  of  the  rollers,  that  no  side  flange 
be  formed  on  the  bar. 

The  top  roller  is  made  a  fraction  larger  tlian  the  bottom,  in  order  to  throw 
the  bar  down  on  tiie  guides  as  it  is  delivered  by  the  rollers.  The  guides  are 
two  tiers  of  heavy  wedges,  the  points  of  the  top  tier  resting  on  the  top  of  the 
bottom  roller,  ^diile  the  lower  tier  is  kept  in  reserve  immediately  below.  In 
its  delivery  the  bar  is  conducted  in  a  straight  line  by  these  wedges,  instead  of 
turning  down  underneath  the  roller,  as  it  otherwise  would.  If,  ifrom  accident, 
tiie  guides  opposite  any  one  groove  are  displaced,  the  end  of  the  bar  is  likely 
to  return  under  the  roll,  and  be  united  with  the  other  part  into  a  solid  ring. 
This  outward  accident  may  also  occur  through  defect  in  the  iron,  the  more  so 
if  partially  oxidized  by  long  exposure  in  tiie  heating- furnace.  In  this  case  a 
X>ortion  of  the  pile  separates  from  the  rest,  and  following  the  coturse  of  the  top 
roll,  is  welded  into  a  massive  iron  ring.  Considerable  delay  occurs  under 
such  circumstances,  for  operations  must  be  suspended  while  the  iron  ring  is 
being  cut  through ;  and  this  requires  some  time  when  the  metal  is  five  or  six 
indies  wide  and  half  as  much  in  thickness. 

With  some  sections  great  exactness  is  required,  and  a  deviation  of  the 
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thickness  of  a  hair  either  way  renders  the  bar  unsaleable.  If  obliged  to  work 
to  a  very  exact  section,  the  rollers  are  adjusted  with  the  greatest  care,  the 
tightening  and  set-screws  without  play,  and  frequent  examinations  made  of  the 
bflors  produced.  With  the  greatest  care,  however,  a  few  days  at  most  results 
in  so  much  abrasion  in  the  rollers,  that  they  have  to  be  sent  to  the  turner 
for  repairs.  Where  they  rub  on  each  other,  tlie  surfaces  are  frequently 
lubricated  with  black-lead  and  grease,  or  carbonaceous  matter  and  palm  oil. 

The  overheating  of  the  rollers,  by  contact  with  the  hot  iron,  is  prevented 
by  small  streams  of  water  directed  on  the  parts  of  the  finishing  rollers  liable 
to  heating.  With  bars  of  a  concave  section  on  the  upper  surface  in  rolling, 
the  water  which  falls  on  the  red-hot  charcoal  affords  an  instructive  example 
of  the  spheroidal  condition  of  water  in  contact  with  substances  at  high  tem- 
peratures. While  the  bar  remains  at  a  bright  red-heat,  no  steam  is  formed,  the 
drops  of  water  merely  rolling  over  the  surface ;  but  the  surface  of  the  rollers, 
though  scarcely  heated  above  the  boiling  point  of  water,  is  enveloped  in  clouds 
of  steam.  These  phenomena  of  water  were  known  to  operatives  in  rail-rolling 
mills  many  years  before  the  publication  of  M.  Boutigny's  experiments. 

During  the  successive  rollings,  the  great  pressure  exerted  on  the  bar 
expels  with  violence  a  portion  of  the  remaining  cinder,  and  leaves  the  iron 
comparatively  pure.  This  ciader  is  composed,  to  the  extent  of  about  ninety 
per  cent.,  of  magnetic  oxide  of  iron :  the  remaining  ten  per  cent,  of  silica, 
phosphoric  acid,  lime,  sulphur,  and  other  bases,  depending  on  the  local  con- 
stitution of  the  crude  iron. 

Cutting  Bar-iron  to  Length, 

The  finished  bar  is  taken  from  the  rollers  and  cut  to  the  required  length 
whilst  hot      This   is    done  either  by  lever 
nhcaiD,  un  in  iltv  ciisc  of  puddle-bars,  or  cir- 
cular saws  revolving  at  great  rapidity.    The 
latter,  a  modem  invention,  performs  the  work 
in  an  exceediiigl}'  neat  and  expeditious  man- 
ner, and  is  applicable  to  iron 
bars  of  all  sizes  irrespective  of 
section — an  advantage  not  pos- 
sessed  by  any  shears.      Thin 
niorcliant-bars  are  frequentiy  cut 
cold,  in  order  to  show  off  the 
texture  of  the  iron ;  but  large 
bars  of  every  descrip- 
tion are  cut  whilst  hot 
A  side  elevation  of  a 
sawing     apparatus    is 
here    given.      It  con- 
sists of  a  pair  of  steel 
discs,  four  feet  diame- 
ter  and  one-eighth   of 
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an  inch  thick,  with  coarse  teeth  on  the  edges,  mounted  on  a  spindle  about 
four  feet  long.  By  a  small  puUey- wheel  on  the  centre  of  this  spindle,  motion 
is  communicated  by  bands  from  larger  wheels  driven  by  the  engine.  Against 
the  outside  of  each  saw,  but  near  its  front  edge,  is  placed  a  narrow  sliding- 
frame  of  cast-iron,  equal  in  length  to  the  longest  bar  rolled,  on  which  the  red- 
hot  bar  is  placed  and  retained  in  its  position  by  stops.  The  ragged  end  of 
the  bar  is  made  to  project  sufficiently  in  front  of,  and  finally  pressed  against, 
the  saw,  by  which  it  is  cut  from  the  body  in  a  few  seconds.  If  gradually  per- 
formed in  fifteen  or  sixteen  seconds,  with  good  saws,  the  ends  of  the  bar  have 
a  smooth,  polished  appearance ;  performed  in  three  or  four  seconds,  the  ends 
are  less  smooth.  The  second  end  of  Uie  bar  is  cut  in  a  similar  manner  by  the 
other  saw ;  the  projecting  ends  cut  off  being  placed  aside  for  remanufetcture. 
Great  care  is  commonly  required  in  cutting  the  second  end,  as  the  amount 
then  cut  off  regulates  the  length  of  the  bar.  To  ensure  the  requisite  accuracy 
in  this  respect,  the  second  moveable  platform  is  furnished  with  a  sliding- 
gauge,  the  distance  of  which  from  the  face  of  the  saw  regulates  the  length  of 
the  finished  bar.  Allowance,  however,  has  to  be  made  for  contraction  of  the 
bar  from  its  red-hot  state ;  and  some  attention  requires  to  be  given  to  the 
difference  of  temperature  at  which  some  are  cut,  in  order  to  obtain  bars  of 
nearly  uniform  length. 

The  saws  revolve  1000  to  1500  revolutions  per  minute,  equal  to  a  velocity 
at  the  cutting  edge  of  142  to  213  miles  per  hour.  Their  edges  are  kept  from 
overheating  by  dipping  into  narrow  castiron  cisterns  containing  water. 
When  cutting,  the  shower  of  sparks  created  is  partially  confined  to  the 
vicinity  of  the  saws  by  sheet-iron  casings,  supported  over  the  upper  edges  of 
tlie  saw.  The  entire  apparatus  requires  to  be  fitted  up  very  correctiy,  the 
revolving  parts  evenly  balanced,  and  working  in  good  brasses  rigidly  fixed  to 
pedestals  and  a  heavy  substructure.  Every  twenty-four  hours  the  saws  re- 
quire sharpening,  and  are  then  replaced  by  others. 

The  cutting  into  lengths  completed,  the  bar  is  straightened  by  wooden 
mallets  on  a  massive  cast-iron  plane  placed  level  with  the  floor ;  the  asperi- 
ties of  the  edge,  from  the  action  of  the  saw,  removed  witii  a  coarse  file,  and 
the  trade-mark  of  the  maker  stamped  upon  it ;  when  the  operations  attending 
the  manufacture  of  a  merchant-bar  terminate.  The  iron  so  produced  is 
known  amongst  manufacturers  as  No.  2,  from  having  been  twice  rolled.  In 
commerce  it  is  known  as  common  bar^iron. 

Recapitulation  of  the  Process. 

In  tracing  the  progress  of  the  metal  from  the  state  of  an  oxide  in  the  ore 
through  the  several  transformations,  finally  ending  in  the  production  of  a 
bar  of  malleable  iron,  it  is  seen  that  recourse  is  had  to  heating  in  close  or 
open  furnaces  five  times ;  viz.,  calcining,  smelting,  refining,  puddling,  and 
heating.  But  frequentiy  the  bar  is  produced  with  four  heatings ;  and  by  a  modifi- 
cation of  the  refining  process,  at  one  time  largely  adopted  in  Staffordshire,  and 
to  a  less  extent  in  South  Wales,  only  three  heatings  were  required  from  the 
ore  to  the  finished  bar.    In  the  first  process — ^the  calcining  of  the  ore — it  is 
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heated  to  a  high  temperature,  and  allowed  to  cool  down  for  filling  into  the 
blast-fdmace :  the  author  is  of  opinion  that  this  is  a  process  properly  belong- 
ing to  the  blast-fomace,  where  the  calcination  could  be  effected  without  loss 
of  heat  as  at  present.  In  the  smelting  process,  the  ore  is  again  heated,  fused 
along  with  fluxes,  and  descends  to  the  lower  hearth  as  ci-ude  iron,  whence,  in 
many  works,  it  flows,  without  cooling,  into  the  refinery  furnace.  The  product 
of  this  furnace  may  either  be  maUeable  blooms,  or  refined  metal,  according 
to  the  kind  of  furnace  used. 

Assuming  that  the  crude  iron  is  refined  by  the  boiling  process,  the  heat 
imparted  to  the  metal  in  the  blast-furnace  wiU  last  tlirough  the  whole  process 
of  refining,  balling- up,  conveyance  to  hammer  or  squeezers,  shingling,  removal 
to  the  rollers,  rolling  in  two  pairs  of  rollers,  removal  to  the  shears,  and  cutting 
into  short  lengths.  It  is  now  allowed  to  cool ;  is  piled,  and  the  mass  heated  in 
the  heating  furnace,  from  whence  it  is  taken  to  the  roughiug-rollers,  where  it 
is  roughed  to  a  thick  massive  bar ;  removed  to  tlie  finisliing-rollers,  and  rolled 
to  a  square,  round,  or  flat  bar,  as  may  be  required.  It  is  now  drawn  out,  the 
ends  cut  with  the  circular  saw;  straightened,  filed  clean  at  the  ends,  and, 
finally,  stamped  with  a  trade-mark  and  placed  aside  as  a  finished  bar,  with 
one  single  heating. 

The  several  mechanical  operations  performed  in  the  forge  and  mill  on 
masses  of  iron  weigliing  several  cwts.,  are  executed  with  admirable  precision 
and  dexterity.  Frequently,  the  same  bar  is  passed  fifteen  or  sixteen  times 
between  the  rollers,  and  has  to  be  grasped  and  released  t^ice  this  number  of 
times  with  a  pair  of  heavy  tongs,  when  moving  at  the  rate  of  nearly  six 
miles  per  hour.  In  its  progress,  also,  in  the  rollers  it  has  to  be  adjusted  in 
a  diflerent  direction  each  time  it  is  passed  between  them.  When  it  is  con- 
sidered that  the  substance  thus  handled  is  a  \vhite-hot  piece  of  iron,  ex< 
posing  a  surface  of  from  twelve  to  thiriy-five  feet  to  the  operatives,  and  in  a 
temperature  compared  with  which  the  torrid  zone  is  cold ;  the  great  skill  of 
the  men,  and  the  severe  bodily  labour,  T\-ill  be  seen  to  surpass  everything 
having  the  least  analogy  in  the  industrial  arts  of  any  country. 

From  the  period  when  the  bloom  leaves  the  puddling-fiimace  to  the  delivery 
of  the  puddle-bars  from  tlie  shearing  apparatus,  ^ye  or  six  minutes  will  have 
elapsed :  the  time  occupied  in  conveying  the  pile  from  the  heating-furnace, 
and  submittiug  it  to  the  several  finishing  operations,  seven  to  eight  minutes. 

It  may  be  remarked,  that  in  both  pairs  of  rollers  in  puddling,  and  also 
in  the  rolling-mill,  the  violent  compression  of  the  iron  is  attended  with  tiie 
evolution  of  lai^e  quantities  of  caloric;  so  much  so,  indeed,  tliat  it  com- 
pensates, to  a  great  degree,  for  the  loss  by  radiation  and  from  the  currents  of 
water  thrown  on  the  finishing  rollers.  The  quantity  of  caloric  thus  evolved, 
appears  to  vary  with  the  character  of  the  iron.  The  South  Wales  irons 
require  to  be  rolled  quickly,  or  tiie  bar  becomes  too  cold  and  hard  for  com- 
pression. South  Staflbrdshire  iron,  on  the  other  hand,  may  be  rolled  slowly, 
and  is  compressible  between  rollers  at  greatiy  lower  temperatures. 

The  expenditure  of  power  in  forcing  the  iron  into  shape  in  the  larger  miUs 
is  veiy  great.    Fly-wheels,  eighteen  feet  in  diameter,  having  fifteen  tons  of 
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metal  in  the  rim  alone,  and  propelled  by  powerful  engines  at  the  rate  of  120 
revolutions  per  minute,  are  brought  down  to  half  this  speed  in  four  or  five 
seconds,  simply  from  the  resistance  of  the  iron  to  compression,  when  from  any 
cause  the  temperature  is  slightly  reduced.  The  expenditure  of  force  in  re- 
ducing a  pile  to  a  flat  bar  six  inches  by  one  inch,  and  fifteen  feet  long,  is  equal 
to  the  lifting  of  4500  tons  one  foot  high. 

Manufacture  of  Railway  Bars. 

This  branch  of  iron  industry  has  sprung  up  within  the  last  thirty  years, 
in  which  short  period  the  demand  for  rails  alone  has  increased  to  an  amount 
greatly  in  excess  of  the  entire  u-on  manufacture  at  the  commencement  of  the 
railway  system.  The  railways  of  tliis  country,  the  Continent,  Africa,  Hin- 
dostan,  tlie  West  Indies,  and  North  and  South  America,  have  been  con- 
structed nearly  altogether  with  iron  from  the  rolling  mills  of  South  Wales, 
South  Staffordshire,  Scotland,  and  one  or  two  minor  seats  of  the  manufacture. 
The  several  railways  ah-eady  constructed,  British  and  foreign,  have  absorbed, 
of  British  manufactured  ii'on,  nearly  9,000,000  tons  of  heavy  malleable  iron 
rails,  and  3,500,000  tons  of  cast-iron  appendages  (exclusive  of  the  quantities 
used  in  the  manufacture  of  tlie  rolling  stock  and  implements  of  construc- 
tion) ;  thus  representing  the  disjwsal  of  a  total  of  nearly  16,000,000  tons  of 
crude  iron. 

The  supplying  of  tiiis  large  quantity  of  iron  has  necessitated  important 
alterations  in  the  roUing  department  of  the  large  works.  Mills  for  rolling 
railway-bars  are  constructed  of  the  heaviest  proportions,  and  fitted  with  a 
larger  number  of  heating  furnaces  than  other  mills.  At  tlie  same  time  a  cor- 
responding increase  in  tiie  production  of  the  mill  has  occurred;  and  an 
average  of  120  tons  at  the  commencement  of  the  railway-bar  trade  is  novr 
augmented  to  500  tons,  and  in  some  cases  even  1000  tons  in  a  week  have 
been  accomplished. 

Boiling  railway  iron  is  conducted  in  a  nearly  similar  manner  to  that  pur- 
sued with  other  large  bars.  The  piles  are  larger ;  and  if  a  superior  quality  is 
desired,  great  care  is  taken  in  the  arrangement  of  the  several  pieces  of  puddle- 
bar.  In  the  finishing  rollers,  the  reduction  to  the  ultimate  section  is  per- 
formed by  a  succession  of  intricately-shaped  grooves.     The  turner's  skill  is 
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severely  taxed  to  adapt  the  grooves  in  these  rollers  to  each  other,  and  at  th© 
same  time  to  deliver  a  clean  bar  of  the  precise  section.    This  frequently 
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requires  a  careful  selection  of  the  ores  used  in  the  production  of  tlie  crude 
iron  of  pai*t  or  the  ^vhole  of  the  puddle  iron  in  the  pile,  according  to  the  strain 
exerted  on  different  parts  of  it  in  rolling  to  a  bar.  A  sketch  of  the  grooves 
formed  by  the  junction  of  a  pair  of  rollers  for  roUiug  a  common  form 
of  railway  bar,  the  T  or  web-footed  section,  is  given  in  the  preceding 
figure,  by  which  the  configuration  of  the  descending  series  is  seen.  The 
bar  first  enters  the  groove  on  the  left-hand  side,  and  is  successively  passed 
on  to  the  right-hand  groove,  from  whence  it  emerges  exhibiting  the  I'equired 
section.  This  form  of  bar  is  one  of  the  most  difficult  to  roll.  It  will  be 
observed  that  a  considerable  portion  of  it  is  tliin,  consequently  liable  to  cool 
quickly.  A  still  greater  difficulty  is  met  vdih  in  tlie  difference  in  diameter 
of  the  working  portions  of  the  grooves ;  the  smallest  diameter  occurs  at  the 
edges  of  the  thin  flanges.  In  consequence  of  this  difierence  of  diameter, 
the  several  portions  of  the  bar  ai-e  not  propelled  with  the  same  velocity; 
the  greatest  movement  occurring  with  the  largest  diameter,  and  vice  versa. 
With  wide  flange  rails  the  difference  is  very  considerable;  for  instance, 
the  part  of  tlie  roller  bearing  on  the  body  of  the  bar  will  move  at  tlie  rate  of 
six  miles,  while  the  bottom  of  the  groove,  which  presses  on  the  flanges,  will 
move  only  five  miles  per  hour.  The  distension  of  the  parts  of  the  bar  is  in 
direct  ratio  to  the  diameter  of  the  roller  of  that  part ;  hence,  a  direct  ten- 
dency to  drag  the  thick  portion  of  the  bar  away  from  the  flange.  To  counter- 
act it,  the  thin  part  is  spread  out  to  great  width  in  the  second  groove  (see 
sketch) ;  in  the  succeeding  grooves  the  additional  work  thrown  on  this 
amply  compensates  for  the  lesser  distension.  Witliout  a  provision  of  tliis 
kind,  the  thin  edges  would  crack;  and  not  unfrequently  long  strips  peel  off, 
especially  with  iron  of  the  red-short  class. 

Kail  bars  are  cut  into  lengtlis  with  circular  saws.  In  consequence  of  the 
hollowness  at  the  sides  or  bottom  tliey  cannot  be  shorn  hot  with  any  degree  of 
neatness;  and  tlie  adaptation  of  cold  shears  to  the  purpose  frequently  leaves 
a  hollow  cavity  in  the  end,  and  is  altogether  a  tedious  operation.  The  first 
bars  manufactured  were  secured  in  heavy  cast-iron  blocks,  fitted  with  coun- 
terparts, and  closely  iitting  the  rail  all  round.  The  end  of  the  bar  was  made 
red-hot  before  insertion  in  the  cavity  of  the  block,  and  then  cut  with  common 
blacksmiths'  chisels,  any  inequalities  being  removed  by  filing.  The  substi- 
tution of  revolving  saws,  however,  has  enabled  the  manufacturer  to  square 
and  finish  the  ends  at  less  than  one-tweKth  the  expense  incurred  with  hand- 
blocks. 

After  the  ends  are  cleaned  by  filing  with  heavy  double-handled  rasps,  the 
railway  bar  is  subjected  to  the  hot  straightening  process.  This  is  performed 
on  a  massive  iron  block,  placed  over  its  surfeuse  the  length  of  the  railf  and 
cast  of  such  thickness  as  will  prevent  flexure  by  heat.  Any  deviations  from 
a  right  line  are  taken  out  of  the  hot  bar  by  long-handled  wooden  maUets, 
having  heads  nine  or  ten  inches  diameter,  and  eighteen  or  twenty  long :  iron 
hammers  would  leave  an  impression  on  the  soft  iron,  and  are  therefore  in- 
admissible in  all  hot  straightening  operations.  If  the  section  permit,  it  is 
now  stocked  on  a  level  grated  floor,  formed  of  bars  on  edge,  till  quite  cold. 
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^ith  the  majority  of  bars,  however,  it  is  subjected  to  a  further  hot-straight- 
ening, or,  more  correctly,  hot-bend- 
ing, to  counteract  the  unequal  con- 
traction of  the  several  parts  of  the 
bar  during  cooling.  In  the  two 
sections  (Figs.  1  and  2),  the  larger 
^'  ^*  portion  of  the  metal  is  thrown  in  the  ^*'  ^' 

head  or  wearing  part  of  the  railway  bar.  If  a  bar  of  either  of  those  sections 
be  made  perfectly  straight  when  at  a  bright  red  heat,  and  allowed  to  cool,  the 
thinner  portions  part  witli  their  heat  and  contract  more  rapidly,  causing  the 
rail  to  momentarily  take  the  profile  represented  by  Fig.  3.  The  head  contain- 
ing the  great  mass  of  metal  cools 
very  slowly;  and  several  hours 
after  the  flanges  have  contracted 
^^'  '•  nearfy  to  the  amount  due  to  the 

reduction  of  temperature,  this  part  continues  to  cool  and  contract,  eventually 
causing  the  bar  to  take  the  form     p 

represented  in  Fig.  4.  |~ 

In  practice  this  inequalify  of  rig.  4, 

construction  is  obviated  by  curving 

the  bar,  in  a  reverse  direction,  to  tlie  amount  of  curvature  which  it  would  have 
taken  if  allowed  to  cool  from  a  straight  bar.  The  curve  taken  by  a  bar  in 
cooling,  forms  the  profile  of  a  massive  cast-iron  block,  over  wliich  the  bars  are 
successively  bent  with  heavy  wooden  maUets.  In  doing  this,  attention  is  paid 
to  the  temperature  so  that  no  serious  deviation  occurs  from  that  at  which  the 
trial  rail-bar  took  its  ciir\'e.  Great  care,  indeed,  ought  to  be  taken  to  ensure 
the  bar  taking  a  straight  line  vdih  its  loss  of  heat,  or  permanent  injury  is 
caused  to  the  iron. 

If  the  hot-straightening  and  bending  have  been  well  conducted,  the  cold 
bar  will  not  deviate  greatly  from  a  right  line ;  but  as  absolute  correctness  is 
demanded  by  the  purchaser,  the  bars  subsequentiy  undergo  a  series  of  cold 
straightenings  by  hammers  or  pressure.  Formerly  the  heavy  sledge-hammer 
(94  lbs.  weight)  was  the  only  instrument  used;  but  of  late  years  the  increased 
weight  and  stiffness  of  the  bars,  and  the  general  desire  to  reduce  the  cost  of 
manufacturing,  have  resulted  in  a  very  general  adoption  of  machinery  for 
this  purpose. 

The  rail-straightening  press  consists  of  a  massive  cast-iron  frame,  with  a 
projecting  stand  on  each  side  to  receive  the  railway  bar ;  on  the  top  revolves 
a  large  shaft,  carrying  an  eccentric  cam,  which  acts  on  a  slider  moving  verti- 
cally in  grooves  in  the  large  frame  immediately  over  the  projecting  stand. 
The  bottom  of  the  slider  is  slightiy  bevelled,  and  at  the  down-stroke  reaches 
to  within  four  or  five  inches  of  the  rail.  "When  straightening,  the  bar  rests 
on  two  shallow  supports,  about  eighteen  inches  apart,  on  the  stand,  the  con- 
vex side  up ;  a  wedge-shaped  key  is  carefully  inserted  under  the  slider,  so 
that  at  the  lowest  movement  the  slider  presses  on  the  rail  through  the  inter- 
vention of  the  key,  and  removes,  at  one  pressure,  part  or  whole  of  the  con- 
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vexity.  The  operation  is  repeated  until  all  irregularities  ore  taken  out.  If 
the  bends  in  the  bar  are  very  short,  a  less  distance  between  the  supports  is 
demanded.  Considerable  delicacy  is  required  in  using  the  taper  key ;  if  pro* 
jected  too  far,  the  rail  may  be  bent  in  the  reverse  direction,  or  completely 
broken  if  made  of  cold-short  iron.  Commonly  the  sHder  moves  up  and  down 
about  thirty  times  in  a  minute,  thereby  enabhng  skilful  workmen  to  straighten 
100  bars  daily  in  a  single  press.  The  strain  thrown  on  the  approaches  is  very 
great,  and  renders  it  necessary  to  make  the  whole  of  massive  proportions. 

Frequently  the  bar,  after  leaving  the  straightener,  possesses  a  degree  of 
"  winding "  or  twist,  which  is  detected  by  placing  the  ends  on  two  planed 
blocks  accurately  levelled  on  the  upper  surface.  It  is  removed  by  grasping 
the  ends  with  long  levers,  and  applying  a  light  torsional  strain  imtil  the 
desired  effect  is  produced. 

Boiler  Plate  Iron. 

This  is  made  from  selected  No.  2  bar  iron,  when  a  superior  quality  is 
sought ;  but  the  larger  portion  of  the  present  manufacture  is  rolled  direct  from 
puddle  blooms.  The  pUe  for  best  plate  is  built  short  and  wide,  with  an  equal 
quantity  of  pieces  running  along  and  across  it.  They  are  brought  to  a  weld- 
ing heat  in  a  reverberatory  furnace  of  the  ordinary  description,  and  taken  to 
the  plat^iron  rollers.  These  consist  of  two  pairs,  a  slabbing  and  a  finishing, 
botli  of  a  plain  cylindrical  form,  chilled  to  extreme  hardness  on  the  surface. 
The  frames  in  which  the  rollers  revolve  are  furnished  with  large  tightening 
screws  (six  or  eight  inches  in  diameter) ,  by  means  of  which  the  top  rollers 
are  screwed  down  or  permitted  to  rise  at  pleasure.  Commonly,  a  system  of 
levers,  carrying  balance-weights,  is  appended  to  one  or  both  top  rollers,  to 
diminish  the  weight  on  the  other  rollers.  The  coupling  pinions  connecting 
the  top  to  the  bottom  rollers  are  frequently  dispensed  mth  in  rolling  thin 
plates. 

The  short  fiat  pile  is  passed  several  tunes  between  the  slabbing  rollers, 
end  or  sidewise,  according  as  it  may  appear  to  require  distension,  until 
sufficiently  reduced  in  thickness  for  the  finishing  rollers,  to  which  it  is  trans- 
ferred for  further  distension.  If  the  iron  requires  it,  the  slab  is  reheated  and 
passed  between  the  slabbing  rollers  a  second  time,  in  its  reduction  to  a  suitable 
thinness  for  the  finishing  rollers.  These  are  made  of  tlie  hardest  iron,  and 
turned  to  a  glassy  smoothness  on  the  surface.  At  first  its  direction  between 
the  finishing  rollers  is  regulated  to  supply  any  omission  in  the  slabbing :  the 
object  being  to  assimilate  its  horizontal  proportions  to  those  of  the  intended 
plate.  When  this  is  accomplished,  it  is  passed  successively  in  the  same 
direction  until  the  desired  thinness  has  been  attained.  Metal  gauges  of  the 
length,  breadth,  and  thickness  of  the  plate,  indicate  when  the  rolling  is  to  be 
discontinued.  The  shearing  to  the  exact  size  is  performed  on  the  cold  iron 
by  powerful  lever-shears,  "with  steel  knives  five  or  six  feet  long. 

The  manufacture  of  common  boiler  plates,  ship-bmlding  plates,  and  much 
of  the  inferior  descriptions  of  sheet-iron,  is  conducted  in  a  different  manner. 
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Tlie  pnddleball  of  tlie  boiling-fcumace  is  hammered  into  a  flat  bloom,  two  of 
which  are  placed  together  to  constitnte  the  plate ;  when  cold,  they  are  charged 
into  a  famace,  heated  to  melting,  slabbed,  and  rolled  in  the  foregoing  manner 
to  the  desired  tliinness.  Plates  made  in  this  manner,  howerer,  onght  never 
to  be  used  in  any  description  of  boiler  building.  A  very  general  recourse  to 
this  mode  of  manufacturing  has  unquestionably  lowered  the  character  of  boiler 
plate-iron,  and  led  to  many  fatal  explosions.  Good  boiler  plates  should  not 
break  with  a  less  strain  than  twenty  five  tons  to  the  square  inch  of  metal ; 
but  much  of  what  is  manufetctured  for  the  purpose  wiU  not  bear  more  than 
two-thirds  of  this  strain. 

Nail  Rod  Iron, 

Nail  rods  are  manufactured  in  two  ways :  by  rolling  a  bar  down  to  the 
desired  section ;  and  by  cutting  a  thin  strip  of  iron  into  a  number  of  parallel 
rods,  by  means  of  revohdng  shears.  The  first  method  is  pursued  with  iron 
for  horse- shoe  nails,  and  the  superior  kind  of  rods,  forming  about  two  per 
cent,  of  the  manufacture ;  and  the  sheaiing  with  the  remaining  ninety-eight 
per  cent. 

The  manufacture  by  shearing  strips,  is  known  in  the  ti*ade  as  slitting 
nail-rods.  A  slitting-mill  consists  of  two  or  three  heating  furnaces,  a  pair  of 
grooved  rollers  for  roughing  the  pile,  a  pair  of  smooth  chilled-ii'on  rollers  for 
flattening  it,  and  a  pair  of  revolving  shears,  with  the  requisite  lever-cropping 
shears.  Rollers  and  shears  are  commonly  placed  in  parallel  lines,  seventeen 
or  eighteen  feet  apart,  and  driven  at  nearly  the  same  number  of  revolutions 
per  minute  by  strong  spur-gearing.  The  shears  are  foimed  of  two  parts,  each 
consisting  of  a  number  of  discs  of  wroughtriron,  sixteen  or  seventeen  inches 
diameter,  edged  with  steel,  kept  the  requisite  distance  apart  by  other  discs  of 
iron  of  lesser  diameter ;  the  whole  firmly  bolted  together,  and  mounted  on  a 
cast  or  wrought-iron  spindle.  Wlien  revolving,  the  upper  series  of  steeled 
discs  project  into  the  spaces  of  the  lower  series  (see  fig.  next  page) ,  thus  forming 
a  niunber  of  continuous  shearing  edges.  The  depth  which  they  project  is 
regulated  by  screw-bolts  attached  to  the  cast-frames ;  while  the  entrance  of 
the  iron  to  be  shorn  is  regulated  by  guides  and  plates,  similarly  adjusted  by 
screw-bolts.  Through  the  bottom  of  a  cistern  at  top,  a  shower  of  water  falls 
on  the  steel,  to  keep  it  from  softening  with  the  heat  of  the  bars.  In  front  of 
the  apparatus  a  wrought-iron  grated  frame  is  constructed  of  iron  baiti,  to 
receive  the  rods  delivered  by  the  shears. 

The  mode  of  rolling  may  be  described  thus :  Two  or  three  pieces  of  puddle- 
bar,  or  other  flat  iron,  are  placed  to  form  a  low  pile,  which  is  brought  to  a 
welding-heat  in  a  reverberatory  furnace,  and  transferred  to  the  grooved  rollers. 
In  these  it  is  distended  to  a  bar  ten  or  twelve  feet  long,  by  three  and  a  half 
or  four  inches  wide,  and  of  a  thickness  proportionate  to  the  size  of  the  in- 
tended rod.  It  is  now  passed  between  the  smooth  rollers,  so  as  to  reduce  it 
to  the  precise  thickness,  and  at  the  same  time  remove  any  roughness 'on  the 
face  of  the  iron.  It  is  now  of  a  width  somewhat  less  than  the  breadth  of  the 
upper  series  of  steeled  discs ;  and  on  inserting  one  end  of  the  strip  between 
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the  guides,  it  is  drawn  on  by  the  revolving  shears,  and  cut  into  as  many  rods 
as  there  are  steeled  discs  in  its  width.  The  divided  rods  are  secured  on  light 
hooks,  and  transferred  to  the  grating.  The  stiips  vaiy  slightly  in  width ;  and 
when  such  is  the  case,  or  the  iron  is  of  a  weak  red-short  character,  a  number 
of  imperfect  rods  are  shorn  off  the  sides,  and  passing  aside  the  guides,  require 
constant  cleaning  from  the  apparatus. 

The  finished  rods  are  cut  to  lengtli,  weighed  into  bundles,  and  tied  up  by 
twisting  around  them  three  or  four  small  bands  of  hot  ii'on.  If  placed  in 
stock,  or  in  carriages  for  conveyance  to  purchasei's,  great  care  should  be  taken 
that  they  do  not  get  wet  and  rusted  on  the  surface.  Rods  prepai-ed  by  shear- 
ing may  readily  be  distinguished  from  rolled  rods  by  the  concavity  of  the  one 
and  convexity  of  the  opposite  side ;  the  other  two  sides  also  show  the  cutting 
action  of  the  shears,  and  two  edges  project  slightly  with  minute  serrations. 

Tlie  rapidity  with  which  nail-rods  are  produced  by  this  process  is  per- 
fectly marvellous  to  the  uninitiated.  Working  on  tlie  smaller  sizes  of  rods,  a 
mill  rolling  three  lengths  at  once,  as  i^  now  generally  done  in  the  larger  mills, 
delivers  ninety  to  a  hundred  rods  at  each  operation,  equal  to  the  continuous 
delivery  of  a  single  rod  through  the  week  at  a  velocity  of  ten  miles  per  hour. 
Hoop-iron  is  manufactured  from  small  piles  or  billets,  rolled  first  between 
small  rollers  having  grooves  on  their  circumference,  and  lastiy  between  a 
short  pair  of  hard  cylindrical  rollers,  in  which  it  is'  pressed  to  the  "width  and 
thickness  desired.  The  great  length  of  the  bars,  and  their  tendency  to  cool 
quicldy,  renders  it  necessary  to  propel  the  grooved  rollers  at  very  high  veloci- 
ties ;  but  the  smooth  pair  are  driven  at  the  more  usual  speed  of  ninety  or  a 
hundred  revolutions  per  minute.  This  pair  requires  to  be  exceedingly  strong, 
in  order  that  the  iron  may  be  finished  comparatively  cold,  and  thereby  carry 
a  blue  face. 

Small  flats,  squares,  bolts,  and  fine  irons  generally,  are  rolled  with  trains 

having  three  rollers  in  height.  The 
addition  of  a  third  roller  to  each  set 
expedites  the  rolling  one-half,  inas- 
much as  the  operation  is  continued 
in  both  directions,  instead  of  return- 
ing the  bar  over  the  top  roller  as  in 
large  mills.  The  rollei-s  are  com- 
monly eight  or  nine  inches  in  dia- 
meter ;  the  roughing  set  thirty  inches 
long,  the  second  twenty-four,  and  tiie 
finishing  nine  inches  long:  three 
rollers  in  height,  instead  of  the  two  in 
Circtdar  Cutters  for  NaU-nxU.  ^^^^  ^lills.     A  speed  of  230  revolu- 

tions per  minute  is  common,  and  preferable  to  slower  working;  at  tiiis  velo- 
city the  periphery  of  the  roller  moves  over  six  miles  per  hour ;  and  calculating 
the  several  movements  of  the  operatives  in  following  the  bar  through  the  day, 
it  is  seen  that  several  of  them  walk  more  than  twenty  miles  daily  at  this 
quick  rate. 
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The  rolliiig  of  small  flats  and  squGures  in  such  trains  is  conducted  on  piin- 
dples  similar  to  those  pursued  in  larger  mills ;  but  the  round  iron  is  rolled 
with  the  assistance  of  double  guides.  Small  piles,  or  solid  pieces  of  iron 
termed  "  biUets,"  are  roughed  between  the  first  pair  of  rollers ;  in  the  second 
the  iron  is  first  converted  to  a  square,  and  then  into  a  bar  of  an  oval  section, 
precisely  equal  in  area  to  that  of  the  intended  round  bar.  The  grooves  in  the 
short  finishing-rollers  (of  which  there  are  only  two  in  rolling  rounds)  are  of  on 
exact  semicircular  ^hape,  and  together  form  a  complete  circle.  The  oval  bar 
is  presented  to  these  rollers,  guided  in  a  vertical  direction  by  closely-fitting 
iron  blocks,  where  it  is  violently  compressed  to  a  perfectly  cylindrical  form. 
To  ensure  this  being  done,  there  must  be  a  rigid  correspondence  between  the 
oval  and  circle.  If  the  oval  is  too  small,  the  deficiency  of  metal  to  fill  the 
circle  is  seen  in  the  flattened  sides  of  the  latter ;  if  too  large,  the  excess  of  metal 
is  frequently  forced  out  at  the  sides,  forming  thin  flanges.  If  the  guides  fail 
to  hold  the  bar  sufficiently  tight  to  prevent  its  turning  around,  the  bar  is 
similarly  spoiled.  As  may  be  imagined,  it  is  only  very  good  iron  that  will 
stand  the  violent  alteration  of  structure  when  comparatively  cold. 

Oas  Refining  Fumaees. — Several  attempts  have  been  made  to  introduce 
gaseous  fuel  into  smelting  and  puddling  operations ;  but  hitherto  with  in- 
different success  in  this  country.  It  seems  to  us,  looking  theoretically  at 
the  question,  that  if  combustible  gases  are  generated  from  the  solid  fuel  and 
applied  to  such  purposes,  that  is  accomplished  by  a  compHcated  process 
which  can  be  more  advantageously  attained  by  using  the  fuel  itself.  The 
chemical  world,  however,  is  not  well  informed  on  this  subject ;  and  we  wait 
with  much  interest  for  Mr.  Abel's  report  to  the  Minister  of  War,  of  the  result 
of  his  investigations  into  the  gas  furnaces,  and  other  refinery  processes  in  use 
in  Upper  Silesia,  Prussia,  and  the  Austrian  iron-works,  which  are  said  to  be 
at  variance  with  our  conclusions.  Keasoning,  however,  from  our  present 
imperfect  information,  if  we  would  produce  the  highest  heat  from  fuel,  all  its 
carbon  must  be  converted  into  carbonic  acid,  which  is  done  in  every  well- 
constructed  furnace  with  brick  walls,  where  the  layer  of  coal  on  the  grate 
does  not  exceed  seven  inches  for  bituminous  coal  and  eighteen  for  anthra- 
cite. Combustion  thus  conducted,  it.  is  practically  found,  obtains  the 
greatest  heat  and  the  lai-gest  quantity  of  it.  The  principle  involved  in 
forming  gas,  is  to  use  a  thick  layer  of  coals,  and  convert  all  the  oxygen  and 
carbon  into  carbonic  oxide ;  introducing  fresh  oxygen  or  atmospheric  air, 
at  a  proper  place  behind  the  grate,  and  thus  converting  the  carbonic 
oxide  into  carbonic  acid.  If  perfect  combustion  of  solid  fuel  is  produced 
in  the  grate,  as  much  heat  is  obtained  as  in  forming  gas.  Practically, 
indeed,  it  is  stated  that  in  well-constructed  furnaces  there  is  less  fuel  used  by 
burning  it  directly  than  is  required  in  generating  gas.  In  the  case  of  rever- 
beratory  furnaces,  the  use  of  gas  is  inconsistent  with  sound  principles — aflame 
is  there  required ;  but  by  forming  and  burning  carbonic  oxide,  no  flame  is 
produced,  and  radiation  of  heat  cannot  be  expected. 

Thoma  has,  however,  recommended  the  employment  of  the  gaseous  results 
of  the  combustion  of  coal,  wood,  and  turf,  as  a  fuel  for  smelting  iron ;  and  in 
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Scotland,  and  also  in  Norway,  the  experiment  has  been  tried  of  employing  hydro- 
gen for  this  purpose,  conjointly  with  the  hot-blast,  with  the  result,  it  is  stated, 
of  a  high  rate  of  combustion  and  diminished  waste  of  fuel.  In  the  iron- works 
of  Brefens,  at  Orebroe  in  Norway,  the  hydrogen  was  developed  in  a  system 
of  thirty-two  tubes,  heated  on  one  side  of  the  furnace,  and  placed  in  communi- 
cation with  four  other  horizontal  tubes  of  double  the  dimensions  of  the  first 
The  thirty-two  tubes  are  arranged  in  four  rows ;  they  are  charged  with  hght 
wood-charcoal,  and  steam  is  made  to  pass  through  them,  having  in  its  course 
to  traverse  a  considerable  distance.  The  steam  generator,  which  is  cylin- 
drical in  shape,  is  placed  over  the  flame,  and  the  water-level  is  kept  even  by 
means  of  a  force-pump.  At  the  extremity  of  each  tube  is  a  screw-stopper, 
which,  being  removed,  permits  of  the  aslies  being  cleaned  out  or  a  new 
charge  introduced.  The  results  of  mutual  decomposition  are  hydrogen, 
carbonic  oxide,  and  a  little  carbonic  acid  gas,  which  arc  transmitted  iuto  the 
furnace  imdemeath  by  a  small  pipe,  rushing  fortli 
^vith  a  strong  blast,  and  burning  with  a  reddish-green 
coloirred  flame. 

The  gas  furnaces  at  tlie  Konigshiitte,  in  Upper 
Silesia,  for  refining  and  puddling  pui-poses,  are 
arranged  so  as  to  be  fed  either  with  compost  burning 
material  or  inflammable  gas.  The  accompanying 
engravings  arc  a  vertical  section  and  plan  of  one  of 
these  stiiictiues,  of  wliicli  the  following  is  a  descrip- 
tion : — a  is  a  gasgenerator,  which  is  fed  through  the 
oi-ifice  J?,  closed  by 
tlie  iron  plate  y.   The  .         IIHb 

gases  engen- 
dered pass 
through  V 
iuto  the  fur- 
nace m.  The 
hot  -  blasts, 
led    through 


the  tubes  t  into  tlie  cylinder  T,  pass 

from  here,  partly  into  tho  gas-geno- 

rator  a  and  partly  into  the  fiirnace  m. 

The  blast  passes  through  the  tube  c  into  the  sheet-iron  box  b,  and  thence 

through  two  tuyeres  d  into  the  gas-generator.    The  other  portion  of  the  blast 
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passes  throngh  the  tubes /into  tlie  cylinder  «,  thence  through  the  tubes  i 
into  the  box  k,  and  then  into  the  fiimace  in  strong  puffs.  The  heat  can  be 
farther  increased  by  the  auxiliaiy  grate  h.    The  tuyeres  h  which  aid  the  refine- 


I'hin  of  Silcfiian  Gas  Furnace. 

uieut  of  ilie  cast-iron,  are  connected  by  muffles  with 

-| 1 —  I    the  cylinder  y,  mid  the  amount  of  air  allowed  to  outer 

can  be  accui'ately  regulated  by  taps,  r  is  the  iiue 
through  which  the  burned  gases  pass  into  the  chimney  H.  p  the  working- 
hole,  g  the  running  opening,  u  u  are  cast  iron  flues,  intended  to  produce 
a  Tiolent  draught  under  the  cast-iron  hearth  and  along  the  side  walls  of  the 
fumace,  in  order  to  cool  it. 

We  are  -vvithovt  information  as  to  the  results  of  the  SUesian  experiments, 
but  believe  ^^'B  only  echo  the  opinions  of  the  best  practical  metallurgists 
when  we  state  that  gas,  unless  it  can  be  drawn  off  in  tlie  shape  of  waste 
heat,  cannot  be  profitably  applied  to  smelting  purposes:  the  only  useful 
application  of  gaseous  fuel  is  when  hot  gases  are  prevented  from  passing 
away  into  tlie  air,  and  their  heat,  instead  of  being  wasted,  is  abstracted  for 
some  useful  purpose. 

It  might  be  well  to  mention  that  the  hot  gases  from  the  genemtor  a,  pass- 
ing into  the  chamber  of  the  furnace,  are  ignited  to  whiteness  by  the  jets  of 
hot-blast  i  and  II.  The  tuyere  pipes  from  whence  Uiese  jets  issue,  are  so 
arranged  that  a  maximum  temperature  is  produced  on  the  charge  of  iron 
opposite  the  working  door  P.  The  quantity  of  hot  blast  admitted  through  these 
tuyeres  is  adapted  to  the  requirements  of  the  metal  under  treatment,  and  the 
particular  stage  of  the  process.  When  the  iron  is  in  the  solid  state,  the 
quantity  is  regulated  to  the  production  of  the  highest  temperature ;  after 
fusion,  decarbonization  of  the  pig-iron  requires  that  it  should  be  in  excess  of 
the  quantity  necessary  for  the  combustion  of  the  gases,  that  free  oxygen  may 
be  present  in  the  furnace  for  the  combustion  of  the  carbon  of  the  metal.  The 
alloyed  carbon  having  been  burnt  off,  tlie  quantity  admitted  is  again  reduced 
to  the  proportion  necessary  for  the  combustion  of  the  hot  gases,  and  the  ball- 
ing up  of  the  iron  completed. 
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Puddling  with  gas  is  practised  to  a  limited  extent  in  Bhenish  Prussia. 
In  some  few  instances  the  gas  is  taken  from  the  blast-furnace,  but  more 
frequently  it  is  generated  in  the  small  ovens  attached  to  each  puddling  fur- 
nace ;  the  fuel  used  in  the  distillatory  process  consists  of  dry  wood,  charcoal, 
lignite,  or  turf.  At  an  iron-work  where  wood  is  used,  the  charges  are  eight 
cwts.  of  white  and  mottled  iron,  and  each  furnace  brings  out  twenty  to  twenty- 
one  tons  of  puddle-bars  per  week,  with  a  loss  in  the  working  of  five  per  cent, 
on  the  quantity  charged.  The  consumption  of  timber  is  about  four  cubic 
feet  for  one  cwt.  of  pnddle-bars. 

At  ft  second  works,  the  charge  consists  of  ten  cwts.  of  gray  pig-iron,  which 
is  two  and  ft  half  hours  imder  treatment  in  the  furnace,  with  a  correspond- 
ing reduction  of  yield  or  produce.  The  timber  consumed,  cord-wood, 
averages  nearly  nine  cubic  feet  for  one  hundredweight  of  puddle-bars. 
Puddling  with  iUe  gas  of  lignite  is  also  carried  on  experimentally. 

Although  turf,  lignite,  and  fine  cones  have  been  experimentally  used  for 
generating  the  gas,  the  preference  seems  to  be  given  to  wood ;  and  vriih  the 
foregoing  data,  a  comparison  may  be  drawn  between  the  relative  commercial 
advantages  of  coal  and  gas  fuel  in  English  puddling  furnaces.  The  selling 
price  of  cord-wood,  of  tlie  kind  used  in  the  mines  of  this  country,  averages 
twenty  shillings  per  ton,  or  sixpence  the  cubic  foot.  With  the  minimum  con- 
sumption of  four  cubic  feet  of  wood  to  the  hundredweight  of  bars,  the  cost 
would  be  two  sliillings ;  whilst  with  the  larger  consimiption  of  nine  cubic  feet, 
it  would  amount  to  four  shillings  and  sixpence  for  each  hundredweight  of 
bars  produced.  Bituminous  coals  of  the  description  commonly  used  in 
paddling,  cost  about  eight  shillings  per  ton :  the  consumption  of  a  mixed 
charge  of  pigs  will  not  exceed  twenty  hundredweights  to  the  ton  of  puddle- 
bars  produced.  Hence,  the  cost  with  coal-fuel  will  be  about  five-pence  to 
the-hiuidredweight  of  puddle-bars.  Contrasting  this  with  the  former  estimate, 
it  is  seen  that  while  in  England  coal-fuel  for  the  production  of  a  stated 
quantity  of  bars  costs  five-penqe,  the  gas  fuel  of  wood  cannot  be  substituted  at 
less  than  from  five  to  eleven  times  this  sum. 

The  comparative  barrenness  of  the  German  metallurgical  districts  in 
mineral  fuel,  and  the  generally  inferior  quahty  of  the  smcQl  deposits  being 
wrought,  has  resulted  ia  considerable  attention  being  paid  to  the  economical 
application  of  gases  in  puddling.  It  is  doubtful,  however,  if  there  be  any 
advantages  from  its  use,  except  in  special  cases,  or  where,  from  its  great 
abundance,  the  timber  is  held  to  be  of  little  value  in  comparison  with  that  of 
superior  pit-coal.  Certain  it  is,  that  the  use  of  wood  fuel  in  puddling, 
indicates  the  existence  of  the  manufacture  on  a  small  scale  compared  with  its 
condition  in  England,  where  the  quantity  of  standing  timber  in  plantations, 
forests,  &c.,  would  scarcely  suffice  for  the  wants  of  the  puddling  furnaces 
(nearly  3500  in  number)  during  a  single  year. 
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CHAPTER  XIV, 

KECENTLY  PATENTED   REFININa  PROCESSES, 

We  now  come  to  deal  with  a  class  of  metallnrgic  processes  wbich  have 
recently  mnch  occupied  the  public  attention — an  attention  which  their  im- 
portance fully  justifies.  We  allude,  of  course,  to  the  processes  patented  or 
otherwise  having  for  object  the  conversion  of  ordinary  cast-iron  into  malle- 
able iron,  by  the  application  of  air,  or  air  and  steam  combined,  without  the 
intervention  of  fuel.  We  cannot  but  regret  that  the  necessity  for  consecutive 
publication  compels  us  to  take  up  the  subject  in  its  present  imsettled  state, 
as  we  hoped  to  have  conmiunicated  more  exact  information  on  these  important 
iaventions  than  is  at  present  attainable. 

The  reader  who  has  attentively  followed  our  accoimt  of  the  processes  by 
which  iron  has  hitherto  been  converted,  must  have  been  struck  with  the 
laborious  character  of  the  whole  series  of  operations ;  more  especially,  when 
he  considers  the  gigantic  efforts  required  on  the  part  of  the  workmen  in  the 
puddling  and  refining  processes,  will  he  be  roused  to  the  importance  of  any 
discovery  by  which  even  a  portion  of  this  laborious  operation  can  be  dis- 
pensed with.  Nor  when  the  economical  considerations  which  enter  into  the 
question  are  borne  in  mind,  will  it  surprise  him  that  the  change  in  the  iron 
manufactm'e,  which  it  was  presumed  would  at  once  follow  the  announcement 
of  Mr.  Bessemer  s  discovery,  should  have  created  an  excitement  almost 
amounting  to  a  panic  in  the  principal  iron  districts.  It  was  not  in  the  nature 
of  things,  however,  that  such  startling  and  rapid  changes  should  at  once  de- 
velop themselves  in  perfection ;  the  process,  therefoi-e,  although  watched  with 
much  interest  by  those  interested,  is  at  present  only  felt  to  be  a  step  in  ad- 
vance of  the  older  processes,  which  will  be  welcomely  received,  should  the 
cxpeiiments  now  preparing  on  a  large  scale  fulfil  the  expectations  enter- 
tained of  it.  The  inventions  to  which  we  have  alluded  we  shall  take  in  their 
chronological  order,  beginning  with  the  earliest  of  them,  namely — 

BKr«  Plant's  Process. — Of  this  process  no  specification  has  been  pub- 
lished; we  must,  therefore,  avail  ourselves  of  the  condensed  report  given  of  it 
in  the  "  London  Journal  of  Arts."  The  patent  is  dated  July  18,  1849 ;  in  it 
the  patentee  claims  to  have  made  an  improvement  in  making  bar-iron  by  the 
use  of  either  hot  or  cold  blasts,  mth  steam- jets  and  atmospheric  air,  or  with 
steam-jets  by  themselves,  to  be  used  in  regulating  the  heat  in  the  puddling- 
chambers,  either  with  the  ordinary  damper  in  the  draught  of  the  chimney, 
or  with  a  special  damper  and  apparatus  adapted  to  his  invention. 

This  apparatus  consists  of  a  puddling  fiimace  of  ordinary  dimensions, 
having  three  lines  of  tuyeres  across  the  top  of  the  furnace,  each  line  consist- 
ing of  tliree  tuyeres  one  inch  in  diameter ;  the  line  fui*thest  from  the  chim- 
ney being  for  the  blast,  the  other  two  being  steam-tuyeres  for  tlie  puddling  and 
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preparatory  chambers.  The  blast-tuyeres  are  to  be  capable  of  a  pressure  of 
one  pound  and  upwards  to  the  sc^uare  inch ;  tlie  steam  to  be  used  at  a  pres- 
sure of  ten  pounds  and  upwards. 

The  blast  is  to  be  introduced  at  the  top  of  the  puddling-chamber,  in  a 
slanting  direction,  just  behin^  the  firebridge,  so  as  to  draw  the  flame  down 
upon  the  whole  surface  of  the  metal  as  it  enters  the  puddling-chamber ;  the 
steam  being  introduced  as  nearly  as  possible  at  the  same  spot,  and  thrown  in  - 
like  manner  upon  the  whole  metal. 

By  these  means,  it  is  stated,  the  heat  of  the  furnace  and  preparatory- 
chambers  can  be  regulated  mth  great  nicety,  without  employing  the  damper 
usually  inserted  in  the  chimney  of  a  puddling-fui-nace.  "When  the  metal  is 
melted,  the  blast  is  shut  off,  and  steam  introduced  through  the  tuyeres  until 
the  iron  boils ;  the  steam  is  then  turned  off  and  the  blast  brought  into  action 
till  the  iron  appears  above  the  cinder,  when  tlie  blast  is  again  shut  off  and 
the  iron  finished  in  the  usual  manner  by  the  ordinary  draught.  The  heat 
of  the  puddling-chamber  is  raised  or  lowered  from  time  to  time  by  raising  or 
lowering  the  damper  over  the  fire-bridge. 

In  this  process,  a  greater  separation  of  the  metal  is  caused,  it  is  pre- 
sumed, by  the  blast  of  air  and  jets  of  steam  thrown  ti/>on  the  metal;  and  the 
carbon  and  other  impurities  are  supposed  to  be  more  thoroughly  remoyed  by 
the  infusion  of  the  oxygen  of  the  atmosphere. 

XasUen's  ProcMs,  to  which  we  shall  now  call  attention,  is  that  patented 
by  Joseph  Gillot  Martfen,  of  Newark,  New  Jersey,  in  September  1855,  and 
has  for  its  object  the  purification  of  iron  when  in  the  molten  state  from  the 
blast  or  refining-fumace,  either  by  air  or  steam,  or  vapour  of  water  applied 
firom  below,  so  that  it  may  rise  up  amongst,  and  completely  penetrate  and 
search  every  part  of  the  metal  previous  to  congelation,  and  prior  to  its  being 
run  into  a  reverberatory-fumace  for  puddling.  By  this  means  the  manufac- 
ture of  wroughMron  by  puddling,  and  the  manufacture  of  steel  from  cast-iron 
in  the  ordinary  manner,  are  stated  to  be  greatly  improved. 

In  carrying  out  his  invention,  Mr.  Martien  employs  channels,  or  gutters, 
so  arranged  that  the  numerous  streams  of  air,  of  steam,  or  of  vapour  of  water, 
are  passed  through  and  amongst  the  melted  metal,  as  it  flows  from  the  blast- 
furnace. This  is  done  by  subjecting  the  metal  to  the  action  of  streams  of  air 
or  steam,  as  it  passes  from  the  blast-furnace  before  it  congeals.  The  apparar 
tns  recommended,  consists  of  cast-iron  channels  or  gutters,  having  the  bottom 
made  hollow  to  receive  steam  or  air,  or  both.  This  gutter  is  perforated  with 
numerous  holes,  obliquely  inclined  in  the  direction  of  the  flossing  metal,  so 
that  the  streams  of  air  or  steam  may  be  forced  tlirough  it  as  it  flows  along 
the  gutter.  The  stream  of  air,  however,  may  also  be  passed  up  through  the 
metal ;  or  the  holes  may  be  inclined  in  the  opposite  direction,  so  as  to  oppose 
the  flow  of  the  molten  metal.  When  the  hot  or  cold-blast  is  used,  the  hollow 
bottom  of  the  gutter  may  be  connected  with  the  air-pipes  used  for  supplying 
the  blast ;  or,  when  steam  is  employed,  the  gutter  may  be  connected  with 
the  boiler.  By  these  means,  the  air  or  steam  introduced  rises  up  through 
the  metal  in  numerous  .streams,  and  the  iron  is  stated  to  be  perfectly  purified 
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after  it  has  come  from~the  blofit-fumace,  and  before  congelation  takes  place. 
The  iron  thus  purified  may  be  allowed  to  cool  in  the  mould,  or  it  may  run 
from  the  gutter  into  a  reverberatory  or  other  refining  furnace,  to  be  heated 
and  puddled  in  the  usual  manner.  In  this  process,  the  novelty  claimed  is 
that  of  purifying  iron  &om  a  blast-furnace  while  still  in  a  molten  state,  with- 
out the  intervention  of  fuel ;  thus  preparing  iTfor  the  puddling  process  in  a 
state  of  greater  perfection  than  by  the  old  process.  The  perceptive  faculties 
of  James  Nasmytli,  to  use  the  words  of  Mr.  Bridges  Adams,  the  eminent 
civil  engineer,  "  detected  tlie  absurdity  of  setting  a  number  of  human  beings 
to  stir  up  a  metallic  pudding  in  order  to  throw  off  the  scum  in  the  shape  of 
slag  or  cinder.  His  remedy  was  a  mechanical  one — ^to  cause  the  mass  to 
boil  like  a  pot,  by  forcing  steam  into  it  from  below,  the  issue  of  steam 
beginning  before  tlie  molten  mass  was  poured  in,  so  as  to  insure  against  the 
stoppage  of  the  passages.  But  steam  is  not  exactly  fuel,  and,  instead  of 
increasing,  tends  to  lower  the  temperature  of  the  mass  of  iron." 

MCz.  Clay's  ProceM. — Among  other  ingenious  inventions,  we  may  here 
mention  that  of  Mr.  Clay  of  tlie  Mersey  Iron  Works, — ^an  invention  for  which 
a  patent  was  taken  out  and  a  specification  lodged,  as  applicable  both  to.  mal- 
leable iron  and  cast  steel ;  although  all  claim  for  tlie  latter  purpose  has  since 
been  withdrawn  in  favour  of  Captain  Uchatius*  process.  Mr.  Clay  proposes 
to  refine  the  crude  iron  by  a  process  of  granulation,  produced  by  dropping  iron 
in  a  molten  state  from  a  lofty  tower  into  a  water-tank,  after  the  manner  in 
which  small  lead-shot  is  cast  In  tliis  process,  he  states  that  the  highly 
separated  metal  is  pui-ified  by  contact  with  the  air  in  its  lengthened  descent, 
and  by  the  chemical  change  produced  by  immersion  in  the  water,  so  that, 
when  again  melted  for  the  puddling  furnace,  it  is  divested  of  most  of  the  im- 
purities of  crude  iron. 

For  the  purposes  of  this  invention,  iron  may  be  obtained  either  from,  the 
blast-fiuuace,  from  which  it  may  be  run  out  in  a  molten  state,  or  it  may  be 
melted  down  from  pig  or  scrap  cast-iron^  The  granulation  of  the  iron  is 
effected  by  causing  the  metal,  when  in  a  molten  state,  to  run  tlirough  a 
perforated  plate  of  metal  or  other  material,  placed  at  the  top  of  a  tower-shaft 
or  well ;  by  tliis  means  it  will  be  divided  into  small  shot-like  particles.  In  its 
descent  in  tliis  state  from  a  suitable  height,  varying  according  to  the  nature 
and  quality  of  the  iron  operated  upon,  the  metal  will,  during  its  passage  through 
the  air,  be  partially  decarbonized,  inasmuch  as  the  oxygen  of  ordinary  atmo- 
flpheric  air  acts  with  considerable  force  in  decarbonizing  the  metal  as  it  frdls 
through  it ;  it  will  thus  be  rendered  more  suitable  for  working  up  by  puddling 
into  malleable  bar-iron. 

It  is  sometimes  advisable  to  charge  the  air  in  the  shaft,  through  which  tlie 
molten  metal  is  to  pass,  with  artificially  prepared  oxygen,  or  witli  some  other 
decarbonizing  gas  or  vapour,  which  will  produce  a  more  vigorous  decarbonizing 
action  upon  the  iron.  This  may  be  effected  by  the  decomposition  of  the  salts 
of  potash,  such  as  chlorate  of  potash,  or  nitrate  of  potash,  both  of  which  con- 
tain considerable  quantities  of  oxygen;  and  their  decomposition  maybe  effected 
cither  by  dropping  the  red-hot  metal,  in  a  granulated  or  finely-divided  state. 
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npon  a  bed  of  the  salts  of  potash,  or  by  heating  the  salts  m  a  retort  until 
oxygen  is  given  ont  Other  minerals,  also,  sach  as  manganese,  may  be  em- 
ployed, either  alone  or  in  combination  \vith  other  substances,  as  oxygenating 
agents.  The  patentee  also  employs  the  more  simple  means  of  increasing  the 
oxygenizing  powers  of  atmospheric  air,  by  introducing  a  blast  or  draught  of 
air,  either  hot  or  cold,  as  may  be  found  most  effective,  into  the  tower  down 
which  the  iron  is  descending.  Dry  steam  may  also  be  applied  to  effect  the 
object  in  view. 

Mr.  Clay  has  found  that  by  allowing  the  molten  metal  to  fall  tlirough  the 
air  a  distance  of  about  seventy  feet,  a  satisfactory  result  has  been  obtained ; 
this,  however,  depends  both  u^n  the  quality  of  the  iron  and  upon  the  state 
of  preparation  in  the  shaft.  With  atmospheric  air  at  the  ordinary  pressure, 
the  metal  requires  to  £a.ll  through  a  greater  distance,  than  if  charged  ^nth  the 
artiiicial  means  above  referred  to.  The  granulated  particles  of  molten  iron 
may  either  fall  into  water  at  the  bottom  of  the  tower  or  well,  or  they  may  be 
collected  in  a  vessel  or  reservoir  placed  for  the  purpose. 

The  decarbonized  metal  thus  obtained,  it  is  scarcely  necessaty  to  add,  is 
collected  together  and  remelted  into  ingots  or  bars,  preparatoiy  to  undergoing 
the  ordinary  treatment  of  hammering  and  rolling. 

MCz.  BeMemev's  Process.— We  have  now  to  speak  of  that  process  of 
Mr.  Bessemer's,  which  has  arrested  so  much  attention,  even  of  the  ordinary 
reader,  in  the  last  few  months.  Mr.  Bessemer's  first  patent  is  dated  January  4, 
1856.  Others  he  has  since  taken  out  bearing  date  February  12,  May  15  and  81, 
1856.  To  the  most  complete  of  these,  namely,  that  of  February  12,  1856,  we 
shall  direct  our  attention.  In  the  specification  now  before  us,  the  invention 
is  said  to  consist  in  the  decarbonization  and  refinement,  in  whole  or  part,  of 
the  crude  iron,  which  is  either  obtained  in  a  fluid  state  from  the  furnaces  in 
which  the  iron  ore  has  been  reduced,  or  in  the  decarbonization  and  refine- 
ment of  crude  pig  or  finery  iron,  by  remelting  the  pigs  in  a  suitable  furnace 
so  as  to  obtain  fluid  meted  capable  of  being  ti-eated  by  the  process  we  are 
about  to  describe.  This  consists,  firstiy,  in  runmng  the  fluid  iron  firom  the 
furnace  into  a  close  or  nearly  close  vessel  or  chamber,  formed  of  iron,  per- 
forated with  openings  to  receive  the  tuyeres,  and  lined  with  fire-brick  or  other 
material  which  is  a  slow  conductor  of  heat.  When  tliis  vessel  is  almost  half 
filled,  numerous  small  jets  of  atmospheric  air,  or  gaseous  matter  capable  of 
evolving  sufficient  oxygen  to  cause  combustion  of  the  carbon  of  the  iron, 
are  forced  into  and  among  the  fluid  metal,  either  in  a  cold  or  previously 
heated  state.  "  Atmospheric  air  or  oxygen  is  thus  introduced  into  the  metal, 
in  sufficient  quantities  to  produce  a  vivid  combustion  among  the  particles 
of  the  fluid  metal ;  and  to  retain  and  increase  its  temperature  to  such  a 
degree,  that  the  metal  mUL  continue  fluid  during  its  transition  state  from 
crude  iron  to  that  of  cast  steel  or  malleable  iron  without  the  apphcation  of 
fuel." 

Mr.  Bessemer  stated  in  the  paper  with  which  he  ushered  his  invention  to 
the  British  Association,  that  for  the  last  two  years  his  attention  had  been 
almost  exclusively  directed  to  the  manufacture  of  malleable  iron  and  steel,  in 


Digiti 


ized  by  Google 


256  MR.   BESSEMER*8  APPARATUS. 


which,  however,  he  had  made  but  little  progress  until  within  the  last  eight 
or  nine  months.  The  constant  pulling  down  and  rebuilding  of  furnaces,  and 
the  toil  of  daily  experiments  with  large  charges  of  iron,  had  already  begun 
to  exhaust  his  stock  of  patience ;  but  the  numerous  observations  made  during 
this  very  unpromising  period  all  tended  to  confirm  an  entirely  new  view  of 
the  subject,  wliich  at  that  time  forced  itself  upon  his  attention — ^viz.,  that 
he  could  produce  a  much  more  intense  heat  without  any  furnace  or  fuel,  than 
could  be  obtained  by  either  of  the  modifications  hitherto  used,  and  con- 
sequently not  only  avoid  the  injurious  action  of  mineral  fuel  on  the  iron 
under  operation,  but  at  the  same  time  avoid  the  expense  of  the  fuel. 
Some  preliminary  trials  were  made  on  from  101b.  to  201b.  of  iron,  and, 
although  tlie  process  was  fraught  with  considerable  difficulty,  it  exhibited 
such  immistakeable  signs  of  success  as  to  induce  him  at  once  to  put  up  an 
apparatus  capable  of  converting  about  7  cwt.  of  crude  pig-iron  into  malleable 
iron  in  thirty  minutes.  With  such  masses  of  metal  to  operate  on,  tlie  diffi- 
culties which  beset  tlie  smaller  expenments  entirely  disappeared.  On 
this  new  field  of  inquiry,  he  set  out  with  the  assumption  that  crude  iron  con- 
tains about  five  per  cent,  of  carbon ;  that  carbon  cannot  exist  at  a  white  heat 
in  the  presence  of  oxygen  without  uniting  therewith  and  producing  combus- 
tion ;  tiiat  such  combustion  would  proceed  with  a  rapidity  dependent  on  the 
amount  of  surface  of  carbon  exposed :  and,  lastly,  that  the  temperature  which 
the  metal  would  thus  acquire,  would  be  also  dependent  on  the  rapidity  with 
which  the  oxygen  and  carbon  were  made  to  combine,  and  consequently  that  it 
was  only  necessaiy  to  bring  the  oxygen  and  carbon  togetlier  in  such  a  manner 
that  a  vast  surface  should  be  exposed  to  their  mutual  action,  in  order  to  pro- 
duce a  temperature  hitherto  tmattainable  in  our  largest  fiumaces.  With  a 
view  of  testing  practically  this  theory,  he  constructed  a  cylindrical  vessel  of 
three  feet  in  diameter  and  five  feet  in  height,  somewhat  like  an  ordinary 
cupola  furnace,  the  interior  of  which  was  lined  with  fire-biicks,  and  at  about 
two  inches  from  the  bottom  of  it  five  tuyere-pipes  were  inserted,  the  nozzles 
of  which  were  formed  of  well-burnt  fire-clay,  the  orifice  of  each  ttiyere  being 
about  three-eightlis  of  an  inch  in  diameter ;  they  were  so  put  into  the  brick- 
lining  (from  the  outer  side)  as  to  admit  of  their  removal  and  renewal  in  a  few 
minutes  when  they  were  worn  out.  At  one  side  of  the  vessel,  about  halfway 
up  from  the  bottom,  there  is  a  hole  made  for  nmning  in  the  crude  metal ;  and 
on  the  opposite  side  there  is  a  tap-hole  stopped  with  loam,  by  means  of  which 
the  iron  is  run  out  at  the  end  of  the  process. 

The  apparatus  by  wliich  it  is  now  proposed  to  cany  out  this  process, 
differs  somewhat  from  that  described  above  :  it  is  a  cylindrical  vessel,  mounted 
on  axes  not  placed  at  the  centre  of  gravity.  Of  this  vessel,  Fig.  1  is  an  end 
elevation.  The  vessel  is  foimed  of  stout  plates,  secured  by  angular  iron 
fianges  to  the  cast-iron  plates  a,  strengthened  by  webs  or  ribs  of  iron. 
c  0  are  iron  frames  secured  by  bolts  d  to  tlio  masonry,  or  foundation  on 
which  the  operation  rests.  The  frame  c  rises  higher  than  the  others,  and 
has  plummer-blocks  ee  bolted  to  it,  on  which  the  shaft  /revolves.  A  worm- 
wheel  g  is  keyed  firmly  on  to  the  axis  b,  and  receives  motion  from  the  worm 
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h  when  moved  by  the  handle  i.    At  the  point  of  junction  of  two  of  the  webs 


a,  will  be  seen  a 
tension-rod,  may 
be  attached,  sus- 
pended over  a 
pulley  from  the 
roof,  for  support- 
ing a  counter- 
balance  weight, 
80  as  to  fiEtcilitate 
the  movement  of 
the  vessel  on  its 
axis,  and  assist 
the  worm-wheel 
gearing^  A. 

The  intention 
in  having  the  re- 
fining vessel  thus 
mounted  on  axes, 
is  the  conveni- 
ence it  offers  for 
pouring  out  the 
fluid  metal  into 
the  ingoimould, 
for  which  purpose 
it  is  famished 
with  a  Up  or  spout, 
which  is  placed 
in  a  line  with  the 
mould,  the  latter 
being  kept  in  a 


boss;  into  this  boss  a  stud  is  fixed,  to  which  a  chain,  or 


Pig.i. 


proper  position  for  removing  the  fluid  contents.  The  air,  or  other  gaseous 
matters,  which  are  to  operate  on  the  metal,  must  be  compressed  with  a  force 
greater  than  will  balance  the  weight  of  a  column  of  fluid  metal  of  a  height 
equal  to  the  depth  of  immersion  of  the  jets  below  the  surfieuse  of  the  fluid 
metal.  This  air,  as  wiQ  afterwards  be  shown,  is  introduced  at  the  sides  or 
ends  of  the  vessel,  through  small  holes  fonned  in  the  fire-day  lining ;  so  that, 
by  moving  the  chamber  on  its  axis,  the  holes  in  the  fire-clay  may  be  made  to 
descend  beneath  the  sur&ce  of  the  metal,  or  raised  above  it  as  may  be 
desired. 

In  Fig.  2  is  represented  a  longitudinal  section  of  the  converting  vessel,  in 
order  to  give  a  more  correct  idea  of  its  construction.  The  section  presents,  at 
one  side  of  a'  and  at  a  point  beyond  the  outer  edges,  the  bosses  a',  which  are 
bored  out  truly,  and  fitted  and  keyed  to  the  axes  b  b ;  and  on  these  the  vessel 
is  made  to  move  when  turned  by  the  worm-gearing  g  h  (Fig.  1).  At  r  there 
is  a  pipe  which  communicates  either  with  a  blast-engine  or  steam-boiler,  or  it 
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may  be  made  to  communicate  vdih  a  resen^oir  of  oxygen  gas,  or  any  other 
gaseous  matter  capable  of  evolving  oxygen,  either  in  a  cold  or  heated  state. 
The  pipe  r  is  fitted  to  one  end  of  the  trunnion  or  axis  b,  which  is  hollow,  and 
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Fig.  2. 

pro\ided  witli  a  stuffing-box,  or  other  joint,  so  as  to  allow  of  the  movement  of 
the  axis  without  interfering  with  the  passage  of  the  air  or  other  matters 
through  it.  This  pipe  is  continued  to  S,  and  along  the  outside  of  the  vessel 
S,  where  it  requii'cs  to  be  turned  truly  on  its  exterior  surface,  having  fitted 
to  it  several  small  branch-pipes  w,  each  of  which  has  a  "f  piece  connected 
to  it,  which  is  bored  out  truly,  so  as  accurately  to  fit  the  exterior  of  the 
pipe  S ;  thus  admitting  of  the  pipe  u  being  moved  on  the  pipe  S  into  its 
proper  position.  The  object  here,  is  to  connect  the  blast-engine  with  the 
converting  vessel,  along  one  side  of  which  there  is  a  row  of  square  holes : 
into  these,  small  blocks  of  well-burnt  fire  clay  are  closely  fitted,  and  held  in 
position  by  ramming  a  httle  loam  into  the  joint  formed  between  them  and 
the  lining  m.  At  one  of  these  blocks  or  tuyeres,  the  pipe  u  is  fitted  by  a 
simple  cone  joint,  the  otlier  ends  of  the  tuyere-blocks  having  several  small 
perforations  leading  into  one  larger  passage  communicating  with  the  pipes 
u;  a  communication  is  thus  estabhshed  between  nulnerous  points  of  the 
interior  surface  of  the  converting  vessel,  and  the  blast^engine  or  other  appa- 
ratus used.  A  sluice-cock  on  the  pipe  r,  enables  the  workman  to  turn  diis 
ofif  or  on  as  required. 

The  manner  in  which  these  pipes  and  tuyeres  act  will  be  better  under- 
stood by  the  following  engravings,  where  Fig.  3  represents  a  section  of 
the  pipe  «,  and  the  mode  of  fitting  it  into  the  pipe  S ;  while  Fig.  4  shows 
them  in  tlieir  ordinary  working  poBition.    It  will  be  seen  by  Fig.  8  that  the 
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pipe  S  has  an  opening  at  x  opposite  the  orifice  of  the  pipe  u.    When  these 
pipes  occupy  their  ordinary  posi- 
tion, as  in  Fig.  4,  the  air  passes 
freely  through  the  opening;   but 
when  the  tuyere-blocks  require  re- 
newing, the  pipe  u  can  be  turned 
upon  the  union  joint  formed  at 
the  junction  x :  free  access  to  the 
tuyere  is  thus  obtained.  The  man- 
ner in  which  these  pipes  act  upon 
the  metal  in  the  converting  vessel 
is  shown  in  Fig.  5, 
and  again  in  Fig.  6. 
The  tuyere-blocks 
may  be  formed  of  one 
or  of  several  smaller 
apertures,  one  being 
found  to  answer  per-  y\%.  8.  ng.  4. 

fectly  well  in  prac- 
tice ;  they  must,  however,  be  made  to  fit  exactly  into  the  pipe.    These  pas- 
sages sometimes  get  obstructed ;  to  provide  for  tiiis,  a  screw-plug  (Fig.  8)  is 
fitted  at  the  back  of  the  elbow  of  the  pipe  «,  which  may  be  removed  if 

necessary,  and  a 
steel  rod  thrust 
through  the  aper- 
ture, so  as  to  re- 
move any  accumu- 
lations of  matter. 

The  interior  of 
the  converting  ves- 
sel itself  is  lined 
with  fire-brick  or 
firo-stone,as  shown 
at  m  (Fig.  2) ;  and 
arrangements  are 
made  by  wliich 
tliis  lining  may  be 
renewed  or  repair- 
ed either  by  remov- 
ing one  of  the  end 
plates  a\  which 
can  be  bolted  on 
again;  or  a  man- 
hole may  be  devised  in  the  side  of  the  vessel  tlirough  which  the  lining  may 
be  repaired  without  this  removal.  The  peculiarities  of  the  vessel  itself  wo 
shall  now  describe ;  and  in  order  to  convey  a  correct  idea  of  it,  we  give  two 
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illustratioiis  (Figs.  5  and  6) :  one  a  yeriical  section,  exhibiting  the  vessel 
while  the  metal  is  in  a  molten  state,  with  the  tuyeres  in  full  operation ;  the 
other,  a  similar  section,  where  the  fluid  metal  is  presumed  to  be  puiifid,  and 
in  the  act  of  being  poured 
out  into  the  moulds  and 
formed  into  ingots.  In  each 
of  these  sections  the  pecu- 
liar lip-like  form  of  the 
spout  n  of  the  yessel  is 
shown;  this  projecting  spout 
is  for  the  purpose  of  run- 
ning out  the  fluid  metal, 
and  is  made  to  project  from 


the  Tessel  so  far 
as  to  bring  it  in 
a  line  with  the 
axis,  so  that  into 
whatever  posi- 
tion the  vessel  a 
may  be  moved, 
the  extremity  of 
the  lip  n  may 
retain  the  same 
position,  or  near- 
ly so;  thus  allow- 
ing the  stream 
Fig.  6.  of  metal  flowing 

over  it  to  flail 
into  the  ingot-mould.  By  reference  to  Fig.  6  it  will  be  seen  that  at  m'  the 
lining  is  formed  so  as  to  prevent  the  slag,  and  other  impurities  floating  on 
the  surface,  from  flowing  out  until  after  the  metal  itself  has  run  out.  On 
each  side  of  the  spout  n  there  is  a  curved  passage  p  (Fig.  5),  by  means  of 
which  the  flame  and  gaseous  products  evolved  during  the  process  may 
escape ;  but  the  plashes  of  the  metal  thrown  up  by  jets  of  air  are,  for  the  most 
part,  prevented  from  escaping  by  the  serpentine  form  of  these  outlets  in  the 
converting  vessel. 

Having  thus  minutely  described  this  apparatus,  let  us  follow  its  author 
through  the  process.  When  the  chamber  is  about  half-filled  with  fluid  metal 
drawn  from  a  smelting  or  remelting  furnace,  atmospheric  air,  either  in  a 
cold  or  heated  state,  or  gaseous  products  capable  of  evolving  combustion  of 
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the  carbon  contained  in  the  iron,  is  blown  or  forced  into  and  among  the  fluid 
metal;  and  this  is  found  sufficient  to  keep  up  the  required  temperature 
during  the  process. 

The  size  and  number  of  jets  or  tuyere-pipes  required  for  this  purpose,  Ttuy 
according  to  the  quantity  of  metal  operated  upon  at  a  time,  and  also  with  the 
condition  and  quality  of  the  metal ;  thus  forge,  pig,  or  refined  plate  metal  will 
not  require  so  much  oxygen  to  complete  its  carbonization  and  conversion  into 
malleable  iron,  as  is  required  for  the  conversion  of  crude  iron  of  the  quality 
known  as  No.  1  or  No.  2  foundry>iron.  To  these  qualities  of  metal  a  tuyere 
is  required  having  an  outiet  larger  by  about  twenty  per  cent,  than  is  used  for 
the  white  quaUties  of  iron.  The  patentee  hesitates,  however,  in  giving  any 
fixed  rule  where  so  much  depends  upon  the  force  or  pressure  of  the  blast,  and 
the  quality  of  the  iron,  preferring  to  give  the  following  example  from  his  own 
practice,  as  a  guide  to  the  workmen.  "  When  using  foundry-iron  of  the 
quality  No.  2, "  he  says,  **  Iron  one  ton  into  the  converting  vessel,  in  which  it 
rises  to  the  height  of  about  a  foot  above  the  orifices  of  the  tuyere-pipes ;  and 
then  force  into  the  fluid  metal,  atmospheric  air  in  its  natural  state,  under  a 
pressure  of  about  10  lbs.  to  the  square  inch,  employing  from  six  to  twelve 
tuyere-pipes  for  its  distribution,  the  united  area  of  the  pipes  being  two  square 
inches.  The  quantity  of  blast  admitted  by  this  area  of  inlet,  wiU  in  general 
be  found  sufficient  to  efiect  the  conversion  of  the  crude  iron  into  a  malleable 
condition  in  about  thirty  minutes.  Where  a  mixture  of  oxygen  gas  with 
atmospheric  air  or  steam,  or  steam  alone ;  or  where  other  gaseous  fluids 
capable  of  evolving  oxygen  are  preferred  in  lieu  of  atmospheric  air ;  then  the 
size  of  the  tuyere-pipes  should  be  regulated  according  to  the  quantify  of  oxygen 
present,  diminishing  the  area  of  the  pipes  where  the  oxygen  is  in  excess,  and 
increasing  the  area  where  the  quantity  is  short  of  the  above  proportion." 

When  the  vessel  is  new  or  newly  hned,  it  may  be  heated  by  the  waste 
gases  of  the  blast-fiimaces,  or  any  other  convenient  means,  previous  to 
the  crude  iron  being  poured  in.  The  patentee  sums  up  the  substance  of  his 
discovery  in  the  following  tenns : — "  It  is  well  known  that  molten  crude  iron, 
under  ordinary  circumstances,  will  soon  become  solidified  unless  a  powerful 
fire  is  kept  up,  and  is  applied  direct  to  the  fluid  metal,  or  to  the  exterior  of 
the  vessel  containing  it.  It  is  also  well  known  that  if  the  quantity  of  carbon 
which  •ia.iisually  associated  with  crude  iron  is  diminished,  that  the  tempera- 
ture necessary  to  maintain  its  fluidity  also  rises  in  like  manner,  so  that 
when  iron  has  lost  the  whole  or  the  greater  part  of  its  combined  carbon,  the 
metal  can  only  be  kept  in  a  fluid  state  by  the  heat  of  powerful  furnaces ;  but 
I  have  discovered  that  if  atmospheric  air  or  oxygen  is  introduced  into  the 
metal  in  sufficient  quantities,  it  will  produce  a  vivid  combustion  among  the 
particles  of  fluid  metal,  and  retain  and  increase  its  temperature  to  such  a 
degree  that  the  metal  will  continue  fluid  during  its  transition  from  crude  iron 
to  the  shape  of  cast  steel  or  malleable  iron  without  the  application  of  fuel, 
the  high  temperature  being  obtained  by  the  oxygen  unitiog  with  and  causing 
a  combustion  of  the  carbon  in  the  crude  iron,  and  by  the  combustion  of  small 
portions  of  the  iron  itself." 
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As  a  matter  of  convenience,  the  patentee  suggests,  while  resendng  his 
right  to  apply  modifications  of  the  apparatus  described,  that  the  convertiDg 
vessel  should  be  placed  near  to  the  discharge-hole  of  the  blast  or  remelting 
furnace,  from  which  the  crude  iron  is  to  be  drawn ;  that  tlie  interior  of  the 
chamber  should  be  heated  by  burning  gases,  or  by  introducing  wood-charcoal 
or  coke  at  the  passages /» (Fig.  5) ;  and  that  a  blast  of  air  be  turned  on  through 
the  tuyere-pipes,  by  which  their  combustion  may  be  kept  up  and  the  vessel 
dried  before  turning  the  crude  metal  into  it.  For  this  operation  the  vessel  is 
placed  in  the  position  shown  by  Fig.  5,  having  a  moveable  gutter  leading  from 
tlie  tap-hole  of  the  smelting  furnace  into  the  upper  end  of  one  of  the  passages 
Pt  the  tuyere-pipes  being  now  in  operation.  As  soon  as  the  metal  covers 
the  orifices  of  tlie  tuyere-blocks,  a  violent  ebullition  is  produced,  the  air 
dividing  into  globules,  and  diffusing  itself  among  the  pailicles  of  fluid  iron, 
and  thus  coming  in  contact  at  numerous  points  with  the  carbon  consumed 
in  the  crude  iron,  and  producing  thereby  a  ^dvid  combustion,  while  the  gaseous 
products  escape  by  the  passages  p. 

In  about  fifteen  minutes  from  the  time  of  commencing  the  process,  largo 
frothy  slags  are  thrown  violently  out  of  the  passages  p,  accompanied  by  a 
rush  of  bright  flame;  after  a  few  minutes'  duration  this  eruption  ceases,  but 
copious  flame  still  continues  to  escape  by  the  passages.  At  this  stage  of  ilie 
process  the  crude  metal  has  thrown  ofif  tiie  bulk  of  its  impurities,  and  is,  in 
all  probability,  in  the  state  of  cast-steel ;  its  exact  state,  however,  can  be 
ascertained  by  turning  the  handle-shaft  /,  so  as  to  bring  the  vessel  round  on 
its  axis,  as  in  Fig.  6,  when  a  portion  of  the  metal  may  be  dischai'ged  into  an 
ingot-mould,  where  it  is  quickly  cooled  and  examined ;  if  not  sufficiently  decar- 
bonized, the  vessel  is  restored  to  its  original  position,  and  the  process  continued 
till  completed — ^from  five  to  ten  minutes'  blowing  being  generally  found  suffi- 
cient to  convert  tlie  metal  from  the  condition  of  cast-steel  to  malleable  iron. 
Wlien  it  is  necessary  to  suspend  tlie  operation  of  blowing  for  a  short  time,  the 
vessel  should  be  brought  into  a  position  half-M'ay  between  Figs.  5  and  6,  so 
that  the  orifice  of  the  tuyere-pipes  may  be  above  the  surface  of  tlie  metal, 
otherwise  the  tuyeres  will  be  stopped  up  with  the  fluid  metal.  The  whole 
process  of  conversion  from  crude  pig-iron  No.  1  to  malleable  iron,  occupies 
from  thirty  to  thirty-five  minutes,  varying  according  to  the  quahty  of  the  pig ; 
but  the  exact  point  when  the  process  should  cease,  will  soon  be  acquired  hy^ 
the  worlonen,  since  the  colour  and  volume  of  the  flame  issuing  from  the 
passages  vary  with  tlie  condition  of  the  metal,  thus  forming  a  good  guide 
for  the  workmen ;  while  the  facility  with  which  trial-ingots  may  be  taken 
aflbrds  an  infallible  test. 

The  heat,  in  some  cases,  is  so  excessive  that  the  metal,  even  when  re- 
duced to  malleable  iron,  is  still  so  far  above  tlie  melting  point  that  its  tem- 
perature requires  to  be  reduced  before  casting.  For  this  purpose,  the  vessel 
is  brought  into  the  position  half-way  between  that  shoTin  in  Figs.  5  and  C,  the 
tuyeres  being  above  the  surface  of  the  metal,  the  supply  of  air  stopped,  'and 
a  fire-brick  placed  over  the  orifice  of  the  passage  p,  so  as  to  prevent  tlie 
heat  from  escaping  with  too  much  rapidity.    In  this  way  the  temperature 
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gradually  subsides,  and  the  metal  is  brought  into  a  proper  state  for  casting; 
or,  if  that  is  preferred,  for  taking  out  of  the  vessel  in  masses  after  cooling 
down  by  stirring. 

We  have  now  to  deal  with  a  part  of  the  refining  process  in  wliich  it  occurs 
to  us  that  Mr.  Bessemer  has  been  altogether  misunderstood,  both  by  those 
who  have  cijticised  his  inventions  most  severely,  and  by  the  general  public. 
The  notion  generally  entertained,  we  believe,  is  that  by  means  of  combustion 
alone,  and  without  fuel,  that  gentleman  professes  to  produce  malleable  iron. 
This  is  not  so.  He  only  professes  to  have  discovered,  that  the  rapid  union 
of  carbon  and  oxygen  which  takes  place  at  the  temperature  which  has  now 
been  attained,  still  further  increases  the  temperature  of  the  metal,  while 
the  diminished  quantity  of  carbon  present  allows  a  part  of  the  oxygen  to 
combine  with  the  iron,  which  undergoes  combustion,  and  is  converted  into 
an  oxide. 

At  the  excessive  temperature  which  tlie  metal  has  now  acquired,  he  con- 
tinues, the  oxide  undergoes  fusion,  and  forms  a  powerful  solvent  of  tliose 
earthy  bases  that  are  associated  with  tlie  iron.  The  violent  ebulHtion  wliich 
is  going  on  mixes  most  intimately  the  scoria  and  metal,  every  part  of  which 
is  thus  brought  in  contact  with  the  fluid  oxide,  which  will  thus  wash  and 
cleanse  the  metal  most  thoroughly  from  the  silica  and  other  earthy  bases 
which  are  combined  with  the  crude  iron,  while  the  sulphur  and  otiier  volatile 
matters,  which  cling  so  tenaciously  to  u*on  at  ordinary  temperatures,  are 
driven  off,  the  sulphur  combining  wdth  the  oxygen  and  forming  sulphurous 
acid  gas :  producing  by  tliis  means  a  purer  iron  by  the  application  of 
atmospheric  air  to  the  fluid  metal  than  could  be  produced  in  the  puddling- 
fomace  by  a  large  consumption  of  that  costly  material.  Beyond  that,  the 
process  recommended  very  much  resembles  the  mechanical  appliances  by 
which  malleable  iron  is  produced  by  the  older  methods ;  namely,  by  sub- 
jecting the  ingots  at  a  welding  heat  to  a  forge-hammer  or  squeezer  of  a  pecu- 
liarly powerful  construction. 

During  the  interval  occupied  in  cooling  do^vn  the  boiling  metal,  the  work- 
man has  to  prepare  his  ingot-moulds.  A  convenient  mode  of  doing  tliis  is  to 
place  them  in  an  iron  truck,  mounted  on  wheels,  which  may  be  moved  under 
the  spout  of  the  vessel,  and  passed  out  under  the  arched  openings  left  in  tlie 
furnace.  The  ingots  thus  prepared,  are  now  in  a  fit  state  for  being  hammered, 
tilted,  or  rolled  into  bars,  rods,  or  plates.  In  some  cases  the  ingots  are  found 
to  contain  cells  and  cavities ;  in  tiiis  case  they  are  subjected,  at  a  welding 
heat,  to  the  action  of  squeezers,  or  they  are  subjected,  in  a  suage  or  die,  to  re- 
peated blows  under  a  powerful  hammer,  so  that  the  parts  are  forcibly  driven 
together,  and  the  cells  welded  before  being  subjected  to  the  rolling-mill  or 
tilt-hammer. 

The  squeezers,  and  other  apparatus  recommended  by  IMr.  Bessemer,  differ 
considerably  from  those  previously  described.  The  squeezer  has  transverse 
grooves,  both  on  the  upper  and  lower  jaws,  as  represented  in  Fig.  1  ;  A  A 
being  the  grooves  or  hoUows,  B  an  ingot  placed  between  tlie  jaws.  In  tliis 
operation  the  ingot,  or  mass  of  metal,  is  brought  to  such  a  temperature  in  a 
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suitable  famace  as  will  sufficientlj  soften  it  to  admit  of  its  being  pressed  into 
a  solid  homogeneous  body. 


Fig.  1. 

The  same  effect  may  be  produced  by  hammering  the  ingot  on  a  suage 
or  die,  as  illustrated  in  Fig.  2,  where  P  represents  the  lower  portion  of  a 
steam-hammer,  having  a  grooved  block  Q  fitted 
into  it;  a  similar  block  N  is  secured  to  a  heavy  mass 
of  metal  O,  which  forms  the  bed  of  the  hammer ;  M 
being  a  wrought-iron  hoop,  lined  with  steel,  which 
is  made  so  as  to  slide  up  or  down  by  means  of  the 
rods  S.  The  workman,  having  heated  ihe  ingot  G, 
holds  it  with  a  pair  of  tongs  in  the  groove  of  the 

lower  block,while 
the  upper  one 
falls  upon  it  with 
such  force  as  is 
necessary.  By 
the  use  of  these 


Ffg.2. 


Fig.  8. 


grooved  surfaces,  or  suages,  the  ingot  of  metal  is  less  liable  to  be  crushed  than 
when  hammered  between  two  parallel  flat  surfiEu;es,  which  give  no  support  to 
its  sides.  In  this  operation  the  workman  will  move  the  ingot  backwards  and 
forwards,  turn  it  over  on  its  side,  and  so  work  and  compress  the  metal  while 
at  a  welding  heat,  as  thoroughly  to  solidify  the  iron  and  render  it  fit  for  the 
tilt-hammer  or  rolling-mill. 

Other  modifications  of  the  steam-hammer  are  mentioned  by  Mr.  Bessemer, 
all,  however,  having  one  principle ;  viz.  that  the  ingot  is  placed  upon  a  block, 
or  anvn,  supported  on  both  sides  by  strong  rests,  while  the  hammer  fialls 
into  the  groove  formed  by  these  supports.  By  this  means  the  tendency  of 
the  ingots  to  crush  out  laterally  is  prevented,  while  the  metal  is  left  at  Hberty 
to  expand  itself  in  length,  thus  undoubtedly  encouraging  the  fibrous  condition 
inseparable  from  malleable  iron.  This  effect  is  produced  by  many  modifica- 
tions of  apparatus,  the  details  of  which  are  unimportant,  provided  the  dies  or 
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suages  are  so  oonstracted,  and  the  ingot  of  spongy  or  cellular  metal  so  con* 
fined,  that  when  the  hammer  is  brought  forcibly  in  contact  with  it  the  ten- 
dency is  to  have  its  various  parts  forcibly  squeezed,  pressed,  or  driven 
togeUier,  the  pores  closed,  and  the  surfaces  united  or  welded  together. 

In  the  probationary  state  of  these  patented  processes  it  is  impossible  to 
draw  any  decided  conclusions  as  to  their  probable  results.  There  is  that  in 
Mr.  Bessemer*s  process  which  has  strongly  impressed  the  public  mind,  and 
which  only  the  conviction  of  complete  success  or  failure  wHl  satisfy.  While 
the  popular  view  has  thus,  sometimes  with  littie  knowledge  of  the  subject,  mag- 
nified the  discovery  far  beyond  its  merits,  there  have  not  been  wanting  others 
who  would  divest  it  of  any  merit  whatever,  and  treat  it  as  altogether  un- 
worthy of  serious  consideration.  As  in  most  other  cases,  truth  seems  to  lie 
between  these  extremes. 

We  have  already  seen  that  the  principal  impurities  in  cast  iron  consist  of 
carbon,  sulphur,  phosphorus,  silicon,  and  some  other  substances  of  less  im- 
portance. These  substances,  Mr.  Bessemer  asserts,  combine  with  oxygen 
at  a  high  temi)erature,  forming  volatile  compounds,  which  are  incapable  of 
again  entering  into  combination  with  the  metal  The  principle  of  Mr.  Bes- 
semer*B  process  is  to  take  advantage  of  this  tendency  of  the  substances 
to  unite  with  oxygen.  By  forcing  atmospheric  air  into  the  fluid  metal,  intense 
combustion  is  produced ;  the  volatile  gases  unite  with  the  oxygen,  and  dis- 
appear through  the  channels  prepared  for  their  exit.  This,  say  some  of 
the  objectors,  is  unsound  in  theory — ^that  practically  neither  sulphur  nor 
phosphorus,  the  two  substances  most  injurious  to  iron,  are  separated  by  the 
process. 

In  support  of  these  views,  a  writer  in  the  **  Birmingham  Journal,"  to 
whom  we  are  indebted  for  some  excellent  remarks  on  this  process,  some  of 
which  have  been  imported  into  these  pages,  thus  reiterates  his  objections. 
Kecurring  to  objections  formerly  urged  against  the  process  in  the  pages  of 
the  same  journal,  the  writer  says : — 

'*  Especially  important,  too,  is  it,  that  accurate  chemical  analysis  should 
be  resorted  to,  to  show  the  composition  of  this  iron,  and  to  prove  that  the 
new  process  will  truly  purge  it  of  sulphur  and  phosphorus,  as  we  understand 
Mr.  Bessemer  to  say  it  will — elements,  the  presence  of  one  per  cent,  of  which 
is  fiital  to  the  quality  of  the  iron. 

"  So  far  as  we  are  aware,  this  important  information  has  not  been  com- 
municated to  the  public ;  and  so  long  a  time  has  now  elapsed  that  we  despair 
of  receiving  it  from  the  quarter  it  was  most  naturally  expected  from.  In  the 
hope  of  contributing  to  the  settiement  of  a  question  which  has  already  too 
long  disturbed  the  pubhc  mind,  we  have  imposed  upon  ourselves  a  task  which 
we  think  should  have  been  spared  us,  and  present  to  our  readers  such  an 
analysis  of  Mr.  Bessemer's  iron  as  we  have  been  daily  hoping  to  see  pub- 
lished by  that  gentieman  himself.  The  specimen  we  have  experimented  upon 
possesses  those  physical  properties  which,  from  repeated  descriptions,  the 
public  are  suffidentiy  familiar  with.  The  iron  consists  of  an  agglutinated 
mass  of  large  brilliant  cxystaUine  grains,  possessed  of  a  very  imperfect  maUe- 
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ability ;  flattening  under  the  blow  of  a  hammer ;  but  almost  invariably  crack- 
ing at  the  edges.  It  is  wholly  destitute  of  a  fibrous  structure,  and  only  after 
having  been  repeatedly  heated  and  drawn  out  in  a  smith's  forge,  exhibits  the 
properties  of  an  inferior  wrought  iron.  On  analysis  it  was  found  to  have  the 
following  composition : — 

Iron       98-9 

Phosphorus 108 

Sulphur 016 

Carbon O'OS 

Silicon traces 


100-12 


"  This  composition  is  so  accordant  with  the  physical  properties  of  iron, 
that,  the  composition  being  given,  the  chemist  would  have  no  difficulty  in  pre- 
dicating its  more  marked  characteristics.  Its  crystalline  structure  and  fusi- 
bility are  very  satisfiEictorily  accounted  for.  In  order  more  exactly  to  illustrate 
the  nature  of  tlie  change  eifected  by  Mr.  Bessemer  s  treatment,  we  append  an 
analysis  of  refined  iron  produced  at  a  large  establishment  in  the  neighbour- 
hood of  Birmingham.  We  are  indebted  to  the  courtesy  of  Dr.  Percy  for  tliis 
.  analysis.  In  was  made  in  his  laboratory  by  one  of  his  assistants,  Mr.  Dick ; 
the  iron  was  obtaiQed  only  a  few  months  ago,  and  may  bo  regarded  as  repre- 
senting the  average  composition  of  refined  iron  as  made  at  the  present 
moment  in  this  neighbourhood : — 

Iron 9514 

Carbon  (combined) 3*07 

Phosphorus 0*734 

Silicon 0-63 

Sulphm- 0167 

Manganese trace 

Residue,  insoluble  in  hydrochloric  acid .     .  05  3 


100-201 


The  residue,  insoluble  in  hydrochloric  acid,  yielded — 

SiHca 0-3 

Alumina,  with  a  little  peroxide  of  iron  .     .    0*14 

0-44 

"  In  contrasting  the  change  effected  by  Mr.  Bessemer's  treatment  with 
that  of  the  refinery,  the/oUowing  particulars  force  themselves  strongly  upon 
our  notice.  Mr.  Bessemer's  method  removes  most  effectually  the  carbon  and 
silicon,  while  in  the  refinery  these  are  but  little  diminished.  The  carbon  is 
eliminated  with  a  perfection  which  we  should  scarcely  have  thought  possible, 
but  we  are  without  information  as  to  the  sacrifice  at  which  this  has  been 
effected ;  the  amount  of  iron  oxidized  by  the  vivid  combustion  which  Mr. 
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Bessemer  induces,  we  are  unable  to  ascertain.  The  point  which  most  promi- 
nently strikes  the  chemist  in  ]Mr.  Bessemer's  iron,  is  the  large  amount  of 
phosphorus  which  it  contains — an  amount  utterly  fatal,  we  feai*,  to  the  value 
of  Mr.  Bessemer's  method.  His  treatment,  we  suspect,  docs  not  sensibly 
diminish  the  amount  of  this  element ;  but  this,  too,  is  a  point  on  which  we 
must  be  dependent  on  Mr.  Bessemer.  We  have  had  no  opportunity  of 
examining  the  slag  produced  in  the  treatment;  but  we  Icam  from  an  eminent 
chemical  authority,  that  at  least  one  sample  of  it  contains  no  sensible  amount 
of  phosphoric  acid.  We  have  previously  explained  that  it  is  by  the  puddling 
process  that  the  phosphorus  and  sulphur  are  mainly  removed ;  the  chemicsJ 
examination  of  the  tap  cinder  of  tlie  puddling  furnace  disclosing  an  abim- 
dance  of  phosphoric  acid.  As  yet,  so  far  as  we  can  learn,  Mr.  Bessemer  has 
done  nothing  towards  tlie  removal  of  tliis  pernicious  element,  phosphorus ; 
and  in  this  important  respect  Ids  process  must  be  regarded  as  a  failure." 

We  have  elsewhere  incidentally  alluded  to  the  sti'ange  oversight  com- 
mitted by  the  objectors  to  Mr.  Bessemer's  process — all  allusion  to  his  ham- 
mering and  squeezing  processes  are  invariably  suppressed;  consequently 
certain  magical  results  are  expected,  to  which,  as  it  appears  to  us,  he  does 
not  lay  claim.  On  the  contraiy,  his  specification  distinctly  claims  the  peculiar 
squeezing  and  hammering  process  already  desciibcd;  lateral  compression 
and  elongated  fibrous  expansion  being  the  results  sought  for.  It  is  true,  he 
only  mentions  this  portion  of  his  improvements  incidentally,  when  he  claims 
for  tlie  new  process  facilities  for  forming  large  masses  of  iron  capable  of  pro- 
ducing bai's  that  could  not  have  been  obtained  by  the  old  process  by  means  of 
powerful  machinery  not  yet  matured,  whereby  great  labour  will  be  saved  and 
the  operation  greatly  expedited.  It  is  obvious,  therefore,  that  great  importance 
is  attached  by  the  patentee  to  the  subsequent  operations.  Nevertheless,  with 
all  our  desire  to  see  Mr.  Bessemer's  process  crowned  with  success,  we  can- 
not avoid  seeing  that  it  has  yet  much  to  overcome.  Early  in  October,  Mr. 
Bessemer  sent  ingots  of  his  pneumatically  refined  iron  to  the  Dowlais  iron- 
works, where  it  was  operated  upon,  the  result  being  a  fair-faced  iron,  equal, 
apparently,  on  the  outer  surface,  to  any  ever  rolled.  It  stood  the  lever  or 
dead  test  well;  but  the  sharp  blow  of  the  ram,  and  the  sharp  squeeze  of  the 
eccentric  straightener,  it  could  not  bear,  for  which  its  steely  or  crj-staUine 
structure  probably  accounts.  Practical  men  observed,  that  along  the  surface 
of  the  rail  a  stratum  of  fibrous  iron — evidently  the  result  of  elongation  through 
the  rolls — presented  itself;  and  this  was  considered  great  encouragement  for 
Mr.  Bessemer  to  prosecute  his  idea  to  perfection. 

In  reference  to  this  railway  bar,  Mr.  Bessemer  states,  that  it  was  rolled 
direct  from  a  ten-inch  square  ingot,  having  passed  through  the  rolls  four- 
teen times.  The  metal  was  not  previously  piled  or  in  any  way  wrought ; 
but,  notwithstanding  the  extremely  difficult  section,  not  the  smallest  portion 
of  the  flange  was  torn  up.  To  render  the  fabrication  of  the  same  form  of  rail 
practicable  on  the  old  plan,  twice-rolled  iron  is  used  to  form  the  flange,  and 
ten  shillings  per  ton  extra  is  being  paid  for  it  in  consequence. 

The  process  is  stated  to  have  been  successfully  applied  to  the  manufacture 
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of  iron  for  tin-platizig.  The  best  puddle-iron  has  heretofore  &iled  to  pro- 
duce the  requisite  toughness,  and  charcoal-smelted  iron  has  in  consequence 
been  used  for  this  purpose  at  the  extra  cost  of  seTcral  pounds  per  ton ;  but 
we  have  examined  sheets  rolled  from  ingots  prepared  bj  the  new  process, 
remarkable  for  their  thinness,  and  a£fording  proofis  of  the  great  ductilily 
and  toughness  of  its  product 

We  have  also  inspected,  as  instances  of  the  extreme  tenaciiy  capable  of 
being  produced  by  this  process,  rolled  out  metal  of  such  extreme  thinnesB 
and  pliability  as  to  bear,  when  annealed,  a  close  resemblance  in  fabric  to 
paper,  with  much  greater  toughness  and  tenacity. 

We  shall  conclude  these  remarks  by  quoting  the  concluding  portion  of 
Mr.  Bessemer's  address  to  the  British  Association : — **  One  of  the  most  im- 
portant facts,"  he  says,  "connected  with  the  new  Gfystem  of  manu&ctaiing 
malleable  iron  is,  that  all  the  iron  so  produced  will  be  of  that  quality  known  as 
charcoal  iron ;  not  that  any  charcoal  is  used  in  its  manufacture,  but  because 
the  whole  of  the  processes  following  the  smelting  of  it  are  conducted  entirely 
without  contact  with,  or  the  use  of,  mineral  fuel  The  iron  resulting  there- 
from will,  in  consequence,  be  perfectly  free  from  those  injurious  properties 
which  that  description  of  fuel  never  fails  to  impart  to  iron  that  is  brou^t 
under  its  influence.  At  the  same  time,  this  system  of  manufEustnring  malle- 
able iron  offers  extraordinary  feu^ility  for  making  large  shafts,  cranks,  and 
other  heavy  masses;  it  wiU  be  obvious  that  any  weight  of  metal  that  can  be 
founded  in  ordinazy  cast-iron  by  the  means  at  present  at  our  disposal  may 
also  be  founded  in  molten  malleable-iron,  and  be  wrought  into  the  forms 
and  shapes  required,  provided  that  we  increase  the  size  and  power  of  our 
machinery  to  the  extent  necessary  to  deal  with  such  large  masses  of  metaL 
A  few  minutes'  reflection  will  show  the  great  anomaly  presented  by  the 
scale  on  which  the  consecutive  processes  of  iron-making  are  at  present 
carried  on.  The  little  furnaces  originally  used  for  smelting  ore,  have  from 
time  to  time  increased  in  size,  until  they  have  assumed  colossal  proportions, 
and  are  made  to  operate  on  200  or  300  tons  of  materials  at  a  time,  giving  out 
ten  tons  of  fluid  metal  at  a  single  run.  The  manufEtctorer  has  thus  gone  on 
increasing  the  size  of  his  smelting  furnaces,  and  adapting  to  their  use  the 
blast  apparatus  of  the  requisite  proportions,  and  has,  by  this  means,  lessened 
the  cost  of  production  in  eveiy  way ;  his  large  frmaaces  require  a  great  deal 
less  labour  to  produce  a  given  weight  of  iron,  than  would  have  been  required 
to  produce  it  with  a  dozen  frumaces ;  and  in  like  manner  he  diminishes  his 
cost  of  fuel,  blast,  and  repairs,  while  he  insures  a  unifonnity  in  the  result 
that  never  could  have  been  arrived  at  by  the  use  of  a  multiplicity  of  small 
furnaces.  While  the  manufacturer  has  shown  himself  fully  alive  to  these 
advantages,  he  has  still  been  under  the  necessity  of  leading  the  succeeding 
operations  to  be  carried  out  on  a  scale  wholly  at  variance  with  the  principles 
he  has  found  so  advantageous  in  the  smelting  department  It  is  true  that 
hitherto  no  better  method  was  known  than  the  puddling  process,  in  which 
from  400  to  500  weight  of  iron  is  all  that  can  be  operated  upon  at  a  time,  and 
even  this  small  quantity  is  divided  into  homoeopathic  doses  of  some  70  lbs.  or 
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80  lbs.,  each  of  which  is  moulded  and  fashioned  by  human  labour,  carefdllj 
watched  and  tended  in  the  fornace,  and  remored  therefrom  one  at  a  time,  to 
be  carefollj  manipulated  and  squeezed  into  fonn.  "When  we  consider  the 
TBst  extent  of  the  manufactnre,  and  the  gigantic  scale  on  which  the  early 
stages  of  the  progress  are  conducted,  it  is  astonishing  that  no  effort  should 
hare  been  made  to  raise  the  after  processes  somewhat  nearer  to  a  leyel  com- 
mensurate with  the  preceding  ones,  and  thus  rescue  the  trade  from  the 
trammels  which  haye  so  long  surrounded  it." 
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CHAPTER  XV. 

METALS  WHICH    ALLOY  WITH   IBON. 

Iron  and  BKangaaesa. — ^Iron  unites  readily  with  manganese :  where  the 
proportion  of  the  latter  metal  is  considerable,  it  makes  iron  harder,  whiter, 
and  more  brittle.  Hence,  according  to  Berzelius,  iron  in  alloy  wdth  this 
metal  is  the  best  for  making  steel.  The  presence  of  a  little  iron  in  manganese 
gives  it  magnetic  properties,  and  renders  it  less  oxidizable  when  exposed  to 
ihe  air.  On  the  other  hand,  according  to  M.  Ilinmann,  manganese  diminishes 
the  magnetic  power  of  iron,  and  in  the  end  destroys  it.  Dr.  Thompson  says 
that  a  due  proportion  of  manganese  diminishes  the  fusibility  of  iron,  and 
increases  its  ductility.  M.  Karsten  afiirms  that  manganese  is  more  frequently 
met  combiued  with  iron  than  any  other  metal;  in  small  proportions,  it 
hardens  iron  without  diminishing  its  tenacity.  He  has  found  in  bar-ii*on  of 
good  quality,  1'85  per  cent,  of  manganese.  It  is  not  ascertained  at  what 
point  it  begins  to  destroy  the  tenacity  of  iron ;  and  it  is  not  easy  to  make 
experiments  in  the  investigation,  on  account  of  the  high  temperature  required 
to  fuse  the  two  metals.  M.  Berthier  says  that  pigu'on  made  &om  ferro- 
manganese  ores,  contains  up  to  0*07  of  manganese;  that  it  is  extremely 
brittle,  lamellar  (in  large  flakes),  white,  and  very  shining.  Mr.  Mushet  has 
experimented  to  combine  manganese  with  iron  in  augmenting  proportions, 
and  concludes  that  the  maximiun  of  manganese  in  a  hundred  parts  of  pig-iron 
is  forty.  This  compound,  containing  7 1  4  of  iron  and  28*6  of  manganese,  is 
unaffected  by  the  magnet.  As  to  the  brittleness  of  the  aUoy,  it  depends  on 
its  carbon,  and  the  manner  in  which  the  carbon  has  combined  with  the  iron. 

Iron  may  contain  large  proportions  of  manganese,  as  much,  indeed,  as 
steel;  and  steel  need  not  necessarily  contain  manganese.  According  to 
M.  Karsten,  it  is  the  carbon  in  the  two  which  makes  the  difference  between 
them.  Experiments  have  shown  that  ferro-manganese  ores  are  the  most 
likely  to  produce  steel,  a  circumstance  which  has  won  them  their  French 
name  of  mines  (racier.  It  is  not,  however,  the  immediate  effect  of  the  man- 
ganese itself,  but  of  the  manner  in  which  the  carbon  combines  with  this 
metal,  and  which  is  detennined  by  the  proportion  of  manganese  present. 
It  follows,  M.  Karsten  remarks,  that  the  white  iron,  which  contains  no  man- 
ganese, ought  to  become  steel  as  readily  as  that  obtained  from  ferro-man- 
ganese ores,  since  the  latter  offer  us  the  iron  combined  with  carbon  in  the 
same  manner.  Fact  proves  to  be  in  accordance  with  tliis  theory ;  but  this 
kind  of  pig-iron  is  generally  more  impregnated  with  foreign  bodies  than  the 
iron  obtained  from  ores  containing  manganese. 

M.  Bei-tliier  found  traces  of  manganese  in  the  white  lamellar  iron  of 
Muscn,  in  Hlicnisli  Pnissia.     This  iron  contained,  according  to  his  analysis. 
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Manganese 0'046  to  0*032 

Carbon 0*040 

Silicium 0003 


0*089 
According  to  M.  Berthier,  the  alloy  composed  of 

Iron     . 0*745 

Manganese 0*25*5 

is  winter  than  iron,  shining,  very  brittle,  and  with  a  fine  grain.  The  alloys 
of  the  two  metals  are  all  the  more  difficult  to  fuse,  as  they  happen  to  contain 
more  manganese ;  they  are  more  oxidizable  than  iron ;  they  give  out  a  smell 
of  hydrogen  when  breathed  upon,  and  readily  free  themselves  from  a  crust 
of  black  oxide  when  exposed  to  a  moist  atmosphere.  Warmed  under  the 
breath  and  in  contact  with  siliceous  scoria,  the  manganese  oxidizes  more 
readily  than  ii*on,  and  dissolves  in  tlie  slag ;  and  ultitnately  all  that  remains 
will  be  pure  iron.  It  is  in  this  way  that  tlie  refining  of  manganese  irons  is 
efiected. 

We  give  the  results  of  some  other  analyses  made  by  M.  Berthier,  wliich 
denote  the  presence  of  manganese  in  certain  crude  irons,  namely : — 


Iron  of  Lohe,  near  Musen,  obtained  from  the  spathic 
iron  of  Stahlberg;  white,  with  large  flakes,  easily 
pulverized.  A  natural  steel  is  made  from  it,  wliich 
enjoys  a  very  high  reputation. 

Carbon. 

0*044 
Iron  of  Ham   (Comte  de  La- 
marck), which  produces  an 
excellent  natural  steel. 


Carbon  .  .  0035 
Silicium  .  .  0005 
Manganese  .  0052 

Silicium.         Manganese. 


0051 


0013 
0006 


0074 
0045 
0-018 


T         0  029  —  0-018 

J         0124  0019  0137 


0.002 
0040 

0042 


Iron  of  Eiou  Perou,  near  Vizille    (department  dcx 

risere) ,  produced  by  fusing  spathic  iroii  witli  an-   Silicium 
thracite ;  white,  and  very  lamellar.   Carbon  was  not  I  Manganese 
experimented  for.    It  is  said  that  this  is  the  only 
known  instance  in  which  a  white  iron  has  been 
produced  out  of  a  combustible  mineral. 

According  to  M.  Karsten,  the  best  mode  of  obtaining  the  manganese  held 
in  combination  with  iron,  is  as  follows : — Dissolve  tlie  iron  at  100"  in  aqua 
regia,  and  then  decompose  (at  a  very  low  temperature)  the  solution,  taking 
care  to  have  it  very  strongly  acidulated  by  adding  successively  small  doses 
of  carbonate  of  ammonia  dissolved  in  w^ater.  If  the  iron  has  been  oxidized  to 
its  maximum  point,  and  the  liquor  has  been  largely  mixed  with  water,  and 
powerfully  acidulated,  it  will  contain  all  the  manganese. 

M.  Quesneville  has  proposed  to  separate  the  two  metals  by  precipitating 
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their  solution  with  arseniate  of  potash,  after  it  has  been  made  as  neutral  as 
possible,  and  the  iron  has  been  submitted  to  the  luaximum  of  oxidation. 
The  iron  separates  in  the  condition  of  an  arseniate,  and  the  manganese  re- 
mains in  solution. 

Iron  and  BiMrcwy. — ^Iron  miites  with  mercniy  only  under  yerj  rare 
circumstances ;  and  M.  Berthier  even  affirms  that  the  two  cannot  combine. 
There  is  no  direct  action  between  the  two  metals,  and  this  is  the  reason  why 
mercury  is  kept  in  iron  vessels.  The  addition  of  another  metal  &Yours  the 
fonnation  of  an  amalgam  of  iron.  Mr.  Aitkin  has  succeeded  in  obtaining  it 
by  the  following  process : — He  pounds  together  iron- filings  and  an  ^mftigftin 
of  zinc,  adding  a  solution  of  iron  in  hydrochloric  acid.  By  then  kneading 
the  mixture  and  warming  it,  the  iron  and  mercuiy  combine  by  degrees,  and 
assume  a  metallic  brightness.  Berzelius  was  accustomed  to  produce  this  amal- 
gam by  pounding  a  mixture  of  iron-filings,  alum,  and  mercury,  at  first  dry 
and  then  mixed  with  a  littie  water. 

M.  G.  Klauer,  of  Molhausen,  has  prepared  the  amalgam  of  iron  by  making  a 
highly  concentrated  solution  of  sulphate  of  iron,  and  shaking  in  it  the  A-TnulgaTifi 
of  sodium  freshly  prepared.  In  a  few  instants  he  has  obtaiaed  an  amalgam 
which  deposits  itself  at  the  bottom  of  the  vessel  in  a  shining  mass,  silveiy 
white ;  and  the  solution,  on  becoming  clear,  contained  flakes  of  the  hydrate 
of  iron.  According  to  M.  Klauer,  the  amalgam  of  iron  is  white,  with  great 
tenacity,  but  may  easily  be  broken  into  fragments.  It  is  magnetic.  In  the 
air  it  decomposes,  and  the  surface  becomes  covered  wiUi  rust.  The  other 
metals,  according  to  the  same  authority,  give  amalgams  in  the  same  way  by 
following  the  same  method. 

lion  anA  BiolyMono. — ^According  to  Messrs.  Hielm,  Berzelius,  and 
Thompson,  iron  combines  easily  with  molybdene.  Dr.  Thompson  tells  us 
that,  of  all  metals,  molybdene  is  the  one  witii  which  iron  unites  most  readily. 
Supposing  equal  parts  of  the  two  metals,  the  alloy  is  fusible  with  the  blow- 
pipe, brittle,  of  a  bluish-gray,  and  of  considerable  hardness ;  the  fracture  is 
lamellar,  fine,  and  granulous.  This  alloy  melts  with  the  blowpipe,  swelling 
out  in  bubbles,  but  without  giving  out  any  sparks.  One  part  of  iron  with 
two  parts  of  molybdene,  form  a  combination  of  a  clear  gray  colour,  not  fusible 
with  the  blowpipe,  obeying  the  magnet,  very  brittie,  and  of  a  fine,  granulous 
texture. 

According  to  M.  Berthier,  the  alloys  of  these  metals— the  molyhduret  of 
iron — are  in  every  respect  the  analogues  of  tungstures  of  iron.  An  alloy  con- 
tainiug  0*20  of  molybdene  is  fusible,  whiter  than  iron,  extremely  hard, 
brittie,  but  of  great  tenacity;  the  fracture  being  equal  and  granulous. 

Iron  and  HTiokoL — Nickel,  according  to  M.  Bergmann,  readily  unites 
with  iron  in  all  proportions;  producing  a  soft  and  tenacious  alloy.  The  other 
properties  of  nickel  give  great  weight  to  this  opinion.  The  rarity  of  nickel,  how- 
ever, in  a  pure  state  did  not  pennit  M.  Karsten  to  use  it  in  the  many  experiments 
in  iron-refining  for  which  science  is  so  much  indebted  to  him.  The  statement 
of  M.  Hassenfratz  that  iron  treated  with  kup/ernickel  is  not  solderable,  nor  to 
be  forged  without  great  difficulty,  and  that  when  cold  it  becomes  brittie,  is 
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not  to  be  rniuxh  relied  on,  for  he  does  not  seem  to  have  nsed  pore  nickel  in  his 
experiments,  and  the  kupfemiokel  probably  contained  arsenic  and  solphnr. 
According  to  Lampadios,  an  slloy  of  fiye  parts  of  nickel  and  two  parts  of 
iron  is  moderately  hard,  easily  malleable,  and  has  the  colour  of  steel.  The  • 
alloy  of  these  metals  occois  native  in  aerolites,  where  the  iron  contains  from 
three  to  ten  per  cent,  of  nickel.  The  meteoric  iron  of  Baffin's  Bay  contains 
three  per  cent.,  and  that  of  Siberia,  whose  discovery  we  owe  to  Pallas, 
about  ten  per  cent,  of  nickel— a  result  for  which  we  are  indebted  to  the 
careful  analysis  of  Mr.  Children.  The  average,  however,  of  the  three  analyses 
made  by  that  gentleman  gives  8*96  per  cent  of  nickel.  But,  according  to  Uie 
experiments  of  M.  Karsten,  the  sulphur  found  by  M.  Laugier  in  Siberian 
iron,  is  in  the  state  of  common  pyrites ;  and  he  infers  that  this  meteoric  iron 
must  be  a  mixture,  and  not  a  chemical  combination. 

It  will  perhaps  be  interesting  to  record  the  quantities  of  nickel  contained 
in  different  masses  of  meteoric  iron,  found  at  diflferent  points  of  the  globe. 
For  a  long  time  there  was  much  doubt  as  to  the  origin  of  these  masses  of 
native  iron;  but  the  remarkable  &11  which  took  place  at  Agram  on  the  26th 
of  May,  1751,  established  the  existence  of  these  phenomena  beyond  further 
question.  The  analysis  of  the  aerolites  revealed  the  presence  of  nickel, 
which  has  ever  since  been  regarded  as  one  of  their  distinctive  characteristics. 
But  the  progress  of  chemistry,  and  a  more  minute  analysis,  have  led  to  the 
discovery  oi  their  containing  other  metals  besides  nickel ;  and  tiie  investi- 
gations of  M.  Yauquelin  have  even  gone  a  step  further,  and  shown  that  some 
meteorio  stones  which  indisputably  feU  at  Chassigny,  near  Langres,  did  not 
contain  any  trace  of  nickel. 

M.  Proust  was  the  first  to  establish  the  existence  of  nickel  in  the  native 
iron  of  Tacumana  in  America.  A  few  years  later,  M.  iOaproth  showed  that 
nickel  was  present  in  all  the  native  iron  that  he  had  then  examined,  and 
which  appeared  to  him  evidentiy  of  meteoric  origin.  He  f6und  in  native 
iron  from — 

Siberia     .    06*75  of  iron  and  8*25  of  nickel. 

America   .    97*50         „  25  „ 

Hungary  .    96*5  „  8*5  „ 

Bohemia  .    98*5  „  1*5  „ 

A  Httie  later,  Messrs.  Boussinganlt  and  Mariano  de  Bivero  examined  dif- 
ferent masses  of  meteoric  iron  which  had  been  found  on  the  Eastern  Cordil- 
leras. A  mass,  measuring  102  cubic  decimetres,  or  about  8^  cubic  feet,  was 
found  in  1810  upon  the  hill  of  Tocavita ;  its  weight  could  not  have  been  far 
short  of  eighteen  hundredweight.  The  iron  of  which  this  mass  consisted  was 
cellular,  malleable,  and  of  a  granular  structure ;  it  could  be  easily  filed ;  it 
had  a  silver-white  lustre,  with  a  specific  gravity  of  7*8.  At  the  time  that  this 
mass  was  discovered,  a  great  many  smaller  fragments  were  found  on  other 
points  of  the  same  hill.  Messrs.  Bousaingault  and  de  Rivero  collected  two 
of  them ;  one,  weighing  681  grammes,  or  about  22  oz.,  consisted  of  a  malleable 
iron  that  resisted  filing.    It  had  a  white,  sflvery  lustre,  with  as  fine  a  grain  as 
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steel ;  it  forged  tolerably  well,  but  was  brittle  when  heated ;  its  specific  gravily 
was  7*6.  Another  fragment,  weighing  561  grammes,  or  abont  18  oz.,  consisted  of 
iron,  cellular  in  structure,  difficult  to  be  filed,  but  malleable ;  of  a  silvery  lustre, 
•with  a  texture  similar  to  that  of  drawn  cast-steel.  Some  other  stones  were 
found  near  a  village  called  Rusgata.  A  mass  weighing  about  one  hundred- 
weight, which  these  gentlemen  examined,  presented  no  cavities — its  texture 
was  crystalline ;  although  resisting  the  file,  it  was  malleable,  and  had  a 
silvery  lustre,  with  a  specific  gravity  of  7*6.  Another  mass,  weighing  about 
fifty-nine  pounds,  found  in  the  same  place,  was  almost  spherical  in  form, 
showed  a  great  number  of  cavities,  was  very  malleable,  and  the  fractures  had 
a  sUvery  lustre. 

Mes»s.  Boussingault  and  de  Rivero,  having  made  the  analysis  of  these 
masses  and  finagments,  have  given  the  following  as  the  results : — 

Mass  of  18  cwt.       .    .    .  91*41  of  iron     8*59  of  nickel. 

Fragmentof  22  ounces     .  9123      „  8*21        „  plus  residue  of  0*28 

Fragment  of  18      „      .     .  91*70      „  6*36  of  nickel. 

Mass  of  109  lbs.      .     .     .  90*76       „  7*87 

Mass  of  59  lbs 7  to  8  per  cent  of  nickeL 

The  following  is  the  procedure  employed  by  these  gentlemen : — ^The  frag- 
ment for  analysis  was  immersed  in  nitric  add,  and  dissolved  rapidly,  leaving 
but  a  very  trifling  residue.  To  oxidize  the  iron  to  the  proper  point,  the  solu- 
tion was  then  evaporated  almost  to  dryness ;  water  was  then  added,  and 
the  whole  precipitated  by  ammonia.  The  oxide  was  separated  by  filtration, 
and  then  washed  with  hot  water.  The  ammoniacal  liquid  presented  a  dis- 
tinct azure-green  colour.  Ferrocyanide  of  potassium  produced  a  white  pre- 
cipitate of  a  slightly  green  cast ;  a  circumstance  which  proved  that  the  colour 
arose  from  the  presence  of  nickel,  and  not  from  that  of  copper.  To  this 
ammoniacal  solution,  reduced  by  evaporation  to  half  its  quantity,  caustic 
potash  was  added;  and  to  make  sure  of  the  entire  decomposition  of  the  double 
salt  of  ammonia  and  nickel,  Uie  whole  of  the  liquid  was  evaporated,  water 
was  added  to  the  residue,  and  there  remained  the  oxide  of  nickel. 

To  collect  the  nickel  which  may  have  remained  with  the  oxide  of  iron 
precipitated  from  the  nitric  solution,  the  oxide  was  dissolved,  while  moist,  in 
acetic  acid.  The  residue  having  been  dried,  was,  with  proper  precaution, 
treated  with  water ;  then,  after  passing  the  liquor  through  a  filter,  carbonate 
of  potash  was  added,  which  produced  a  slight  white  precipitate ;  and  on 
boiling  this  solution,  the  precipitate  ignited  gave  the  oxide  of  nickel. 

The  following  is  the  process  followed  by  Mr.  Children,  in  the  analyses 
which  he  made  of  the  meteoric  iron  of  Siberia : — ^He  first  dissolved  it  in 
aqua  regia,  then  precipitated  the  oxide  of  iron  with  pure  ammonia ;  washed, 
and  ignited  the  precipitate.  The  ammoniacal  solution  was  evaporated  to 
dryness,  the  ammonia  driven  off  by  heat,  the  oxide  of  nickel  again  dissolved 
in  nitric  acid,  and  precipitated  by  pure  potash,  after  the  mixture  had  been 
submitted  to  ebullition  during  some  seconds.  The  precipitates  were  heated 
to  redness.     M.  Karsten  recommends,  in  testing  for  nickel,  the  use  of  suc- 


Digiti 


ized  by  Google 


IBON  AND   NICKEL.  275 


oinate  of  ammonia,  which  he  finds  better  than  ammonia;  but  it  is  essential, 
he  says,  that  the  iron  should  be  entirely  converted  into  peroxide,  and  that 
the  solation  should  be  completely  neutoalized  by  canstic  ammonia  before 
precipitating  the  oxide  of  iron  by  the  succinate.  It  is  also  essential  that 
the  solution  should  be  largely  diluted  with  water. 

Mr.  C.  A.  Sheppard  has  analyzed  the  aeroUtes  of  Louisiana,  and  finds 
their  composition  to  be : — 

Iron 00020 

Nickel 9-674 

Loss 0-306 


100-000 


A  meteorolite  wliich  feU  near  Kostriz  in  Russia,  on  the  13th  of  October,  1819, 
contained,  according  to  the  analysis  made  by  M.  Stromeyer,  17*49  per  cent,  of 
iron,  and  1*36  of  nickel,  in  a  state  of  alloy.  M.  Mornay  also  found  in  1811, 
near  Bahia  in  the  Brazils,  a  mass  of  meteoric  iron  which  had  been  first 
observed  in  1784,  and  which  was  about  seven  feet  long,  four  feet  high,  and 
two  feet  thick,  the  total  size  being  about  twenty-eight  cubic  feet.  LIr.  WoUas- 
ton,  who  analyzed  a  fragment  of  the  moss,  found  four  per  cent  of  nickel. 

A  fragment  of  the  aerolite  found  by  Captain  Barrow  in  the  South  of  Africa, 
about  200  miles  from  the  Cape  of  Good  Hope,  fell  into  the  hands  of  Mr. 
Sowerby,  who  in  1820  converted  it  into  a  sword-blade  about  two  feet  and  a 
half  long.  The  blade  acquired,  in  tempering,  a  very  remarkable  degree  of 
elasticity.  It  is  now  the  property  of  the  Emperors  of  Russia.  An  analysis 
made  by  Mr.  Tennant,  represents  the  aerolite  to  have  contained  ten  per  cent, 
of  nickeL  M.  Stromeyer  has  often  found  in  the  analyses  of  aeroHtes,  notable 
proportions  of  nickel,  which  could  not  be  detected  by  the  less  delicate  methods 
previously  employed. 

The  Esquimaux  whom  Captain  Ross  encountered  in  his  expedition  to 
the  North  Pole,  used  knives  coarsely  made  out  of  aerolites  found  in  Green- 
land. Mr.  WoUaston  confirmed  this  fact  by  an  analysis,  from  which  it 
resulted  that  the  iron  contained  the  customary  proportion  of  nickeL  Aerolitic 
iron  is  ordinarily  very  soft  It  shares  this  quality  with  all  iron  deficient  in 
carbon.  There  are  some  specimens,  however,  in  which  this  is  not  the  case ; 
and  then,  if  we  are  to  believe  M.  Karsten,  the  iron  owes  its  hardness  to 
some  other  substances  besides  carbon,  and  which  are  often  only  found  in  a 
state  of  mixture.  When  the  Siberian  meteoric  iron  is  heated  to  faint  redness, 
crystalline  figures  appear  at  the  surface ;  and  when  the  polished  surface  is 
heated  till  it  becomes  blue,  yellow  markings  appear,  which,  according  to  Ber- 
zelius,  are  remarkably  beautiful.  These  compounds  may  be  produced  arti- 
ficially. They  are  ductile ;  but  when  the  nickel  amounts  to  more  than  one- 
tenth,  they  are  less  ductile.  They  do  not  rust  so  easily  as  iron.  Professors 
Faraday  and  Stodart  have  succeeded  perfectly  in  obtaining  these  compounds 
artificially.  To  some  specimens  of  good  iron,  they  added  three  per  cent  of 
nickel ;  the  mixture  was  then  put  in  a  crucible,  and  exposed  to  a  high  tem- 
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peratore  during  seTeral  hours.  The  metals  were  melted ;  and  on  examining 
the  hutton,  the  nickel  was  fonnd  combined  with  the  iron.  The  alloy  appeared 
to  be  as  malleable  and  easily  worked  as  pnre  iron ;  its  colour  was  tolerably 
white  when  polished ; — ^the  specific  gravity  was  7-804.  They  were  equally 
snccessfnl  in  preparing  an  alloy  corresponding  to  the  Siberian  meteoric  iron. 
They  melted  horse-shoe  nails  with  ten  per  cent,  of  nickel :  the  metals  were 
found  perfectly  combined,  but  the  alloy  was  less  malleable  and  was  ea^y 
broken  under  the  hammer.  PoHshed,  it  had  a  yellow  tinge;  its  specific  gra- 
vity was  7-849.  This  alloy  was  affected  very  slightly  by  humidity,  compared 
to  what  would  have  happened  had  the  iron  been  pure. 
According  to  M.  Berthier,  the  alloy  consisting  of — 

Iron 0-917     12  at. 

Nickel 0083      1  „ 

which  is  obtained  by  reducing  a  mixture  of  the  two  oxides  in  a  cracible 
lined  with  charcoal,  is  semi-ductile,  very  tenacious,  and  has  a  granular  frac- 
ture, slightly  lamellar.    This  alloy  is  identical  with  meteoric  iron. 

Iron  and  Gold. — ^Ii^on  readily  unites  indth  gold  by  fusion,  in  all  propor- 
tions, and  in  all  its  states,  as  malleable  iron,  cast-iron,  and  steel.  The  affinity 
between  the  two  metals  is  very  great,  and  their  alloy  is  difficult  to  decompose. 
The  gold  facilitates  the  fusion  of  iron — a  fact  which  sufficiently  indicates  the 
tendency  of  the  two  metals  to  combiae.  M.  Gellert  concludes  from  this 
circumstance  that  gold  is  much  better  than  copper  for  soldering  works  in  iron 
and  steel,  where  delicate  workmanship  is  required.  He  has  likewise  assigned 
to  iron  the  first  place  among  metals  in  the  order  of  affinities  for  gold.  We 
cannot  stir  gold  in  a  state  of  fusion  with  an  iron  rod,  on  account  of  the  iron 
dissolving  in  small  quantity.  According  to  M.  Karsten  and  others,  iron  does 
not,  to  any  remarkable  extent,  weaken  the  tenacity  of  gold;  and,  on  the 
other  hand,  it  does  not  appear  that  gold  produces  any  bad  effect  on  the 
iron. 

Messrs.  Macquer  and  Leonhardi  mention  the  following  alloys  as  the  result 
of  experiments  made  by  the  Count  de  Sicldngen : — ^Three  parts  of  iron  and  one 
part  of  gold  enter  into  fusion  together  at  a  temperature  inferior  to  that  neces- 
sary for  melting  iron.  Equal  parts  of  the  two  metals  gave,  by  fusion,  a 
grayish  mass,  somewhat  brittle,  and  attracted  by  the  magnet.  WiOi  six  parts 
of  gold  and  one  of  iron,  a  white  alloy  is  obtained,  which  is  attracted  by  the 
magnet,  ductile  while  cold,  and  at  a  moderate  heat  becomes  yellow,  red,  and 
blue.  Nine  parts  of  iron  and  one  of  gold  form  an  alloy  which  resists  the  file, 
unless  previously  subjected  to  a  red  heat.  With  twenty-eight  parts  of  iron 
and  eight  of  gold,  the  alloy  is  as  white  as  pure  silver,  and  more  yielding  under 
the  file  and  hammer  than  ductile  iron. 

According  to  M.  Hatchett,  the  alloy  formed  with  eleven  parts  of  gold  and 
one  of  iron  is  very  ductile,  of  great  resisting  power,  and  harder  than  gold. 
Without  any  preparation  it  can  readily  be  cut  into  blocks,  laminated,  or 
struck  into  medals.  This  alloy  is  of  a  pale  yeUowish-gray  colour,  approach- 
ing to  a  dirty  white.    Its  specific  gravity  is  16*885.    There  is  an  expansion 
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of  Yolume  after  the  union  of  the  two  metalB.    Supposing  it  to  have  been 
1000  beforehand,  it  is  1014'7  afterwards. 

We  kam  firom  M.  Dumas  that  the  alloy  which  contains  a  twelfth  of  iron 
is  of  a  pale  yellowish  colour ;  that  containing  from  a  fifth  to  a  sixth  is  yellow- 
gray,  and  is  employed  in  jewellexy  under  the  name  of  gray  gold ;  while  the 
alloy  of  three  or  four  parts  of  iron  for  one  of  gold  is  grayish-white  and  very 
hard. 

These  alloys  may  be  tempered,  take  a  very  high  polish,  and  will  make  very 
excellent  cutting  instruments ;  nearly  equal,  indeed,  it  is  said,  to  steel,  when 
the  iron  is  in  tolerably  large  proportions.  Dr.  Lewds  has  succeeded  in 
making  excellent  razors  with  them.  The  alloys  in  which  gold  predominates 
serve  to  make  gold  of  different  colours,  and  are  employed  by  jewellers  for 
this  purpose. 

For  gilding  iron,  several  processes  are  employed.  After  polishing  the 
suifiice,  it  is  covered  with  a  leaf  of  gold,  or  it  may  have  a  coating  of  varnish, 
which  is  burnt  in  after  having  laid  on  the  leaf  of  gold ;  or  we  may  precipi- 
tate upon  the  iron  the  gold  dissolved  iu  aqua  regia,  and  in  this  case  the  solu- 
tion  must  be  diluted  with  sulphuric  ether ;  or,  finally,  we  may  rub  the  metal 
with  an  amalgam  of  gold,  and  drive  off  the  mercury  by  sublimation.  This 
is  called  fire-gilding,  and  requires  the  surfieu»  of  the  iron  to  be  covered  in  the 
first  place  with  a  slight  follicle  of  copper,  laid  on  by  the  aid  of  a  solution  which 
is  made  as  follows : — 

2  oz.  of  concentrated  sulphuric  acid,  or  3  oz.  if  the  acid  be  less  strong. 

f  „  of  alum. 

i  „  of  sal  ammoniac. 

f  „  of  sulphate  of  copper. 

i  „  of  sulphate  of  zinc. 

6  „  of  pure  vinegar. 
The  whole  dissolved  at  a  moderate  temperature  in  three  pounds  two  ounces 
of  rain  or  river  water.  _ 

The  iron  is  rubbed  with  this  liquor  and  with  mercury  until  a  pale  coating 
presents  itself,  with  small  drops  of  the  liquid  metal  on  the  surface.  Then, 
and  not  till  then,  it  is  treated  with  the  amalgam.  The  mercury  may  be 
sublimed  at  a  temperature  corresponding  to  that  which  produces  the  violet 
colour  in  the  annealing  process. 

An  easy  and  successftd  mode  is  to  apply  leaves  of  gold  to  iron  covered  with 
a  slight  coating  of  precipitated  copper.  There  is  also  another  kind  of  gilding 
which  is  effected  by  incrustation,  or  hache.  It  is  unnecessary  to  state  that 
eleetro-gilding  has  superseded  most  of  these  processes. 

We  sometimes  meet  in  commerce  with  gold  alloyed  or  mixed  with  iron,  or 
gilt  articles  which  have  been  worn  out  in  domestic  or  other  uses.  In  order 
to  remove  the  gold  from  the  surfsuse  vrith  as  little  mixture  as  possible  of  iron, 
it  is  rubbed  with  a  file,  or,  still  better,  subjected  to  the  action  of  substances 
which  dissolve  the  gold,  or  detach  it  by  acting  upon  the  iron.  Thus,  for 
example,  M.  Berthier  recommends  smearing  the  sur&ce  with  sal-ammoniac 
moiatened  with  nitric  i^,  and  then  heating  nearly  to  dryness ;  or,  still  better, 
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to  rab  it  with  oil,  and  then  sprinkle  it  with  a  mixture  of  two  parts  of  sal- 
ammoniac  and  one  part  of  nitre,  and  then  heat  it.  After  either  of  these 
operations  the  gold  detaches  itself  by  collision,  or  by  simply  mbbing  with  a 
scratch-bmsh. 

The  different  mixtures  of  gold  and  iron  may  be  assayed  by  melting  them 
with  litharge  or  with  nitre,  and  adding  lead,  after  fusion,  in  order  to  collect 
all  the  particles  of  metal ;  or,  better  still,  by  submitting  them  to  scorification 
with  about  sixteen  parts  of  lead  and  a  small  proportion  of  borax.  To  sepa- 
rate gold  from  iron,  ancient  metallurgists  prescribed  various  methods.  Some 
melted  the  alloy  with  sulphur  and  three  parts  of  potash ;  they  then  washed 
in  water,  which  dissolved  the  sulphide  of  gold,  precipitated  the  sulphide  with 
an  acid,  and  separated  the  gold  from  it  by  the  means  we  have  already  indi- 
cated. Others  melted  with  one  part  of  copper  and  t^'o  of  sulphur ;  then  either 
roasted  the  sulphide  or  treated  it  with  nitric  acid,  and  melted  the  oxidized 
substance  with  litharge  and  black  flnx.  Copper,  from  its  affinity  to  gold,  is 
in  truth  one  of  the  most  active  agents  that  can  be  employed  to  separate  this 
metal  from  its  combination  by  the  dry  method.  Some  employed  the  con- 
trary method,  dissolving  it  by  aqua  regia,  and  precipitating  the  gold  with 
the  protosulphate  of  iron. 

We  may  also  separate  gold  from  iron  by  means  of  sulphide  of  antimony. 
This  is  not  a  good  procedure  for  assays,  but  it  is  used  by  goldsmiths  to  bring 
the  gold  to  a  high  standard,  as  it  removes  the  minutest  traces  of  other  metals, 
even  of  silver,  which  it  often  retains  after  cupellation.  The  operation  is  thus 
performed : — The  gold  is  heated  in  a  crucible ;  and  when  melted,  pure  sulphide 
of  antimony  is  thrown  upon  it  in  the  proportion  of  from  two  to  four  parts,  accord- 
ing to  the  greater  or  less  abundance  of  foreign  metals.  The  heatmust  be  applied 
gentiy  to  prevent  bubbling  over,  and  care  taken  that  no  cinders  fSall  into  the 
mass  in  fusion,  lest  it  cause  it — as  is  likely — ^to  boil  over.  To  avoid  tlie 
risk  of  this  accident,  the  crucible  should  be  of  a  size  which  would  leave  one- 
third  free,  even  when  the  mixture  of  gold  and  sulphide  of  antimony  is  in  full 
fusion.  All  foreign  metals,  even  silver,  pass  into  the  state  of  sulphide ;  and 
the  antimony,  which  the  sulphur  has  abandoned,  remains  alloyed  with  the 
gold.  The  mixture,  when  melted,  is  poured  into  a  conical  iron  ingot-mould, 
the  sulphide  of  antimony  separated  from  the  gold,  which  is  again  melted 
with  a  new  dose  of  sulphide  of  antimony ;  and  this  takes  place  as  often  as  may 
be  deemed  necessary  for  its  purification.  When  the  proportion  of  iron  com- 
bined or  mixed  with  gold  is  considerable,  it  is  usual  to  add  sulphur  to  the 
sulphide  of  antimony  in  the  first  treatment. 

Ison  and  Flatlniiiii. — Iron  combines  with  platinum  in  all  proportions. 
This  combination  occurs  native,  platinum  being  ordinarily  found  alloyed  witii 
iron.  This  alloy  is  ea.sily  made  in  an  ordinary  furnace,  and  we  should  there- 
fore be  cautious  in  putting  iron  in  contact  with  vessels  of  platinum  at  a  high 
temperature.  Dr.  Jjewis,  however,  could  not  succeed  in  the  attempts  he 
made  to  unite  these  metals  by  fusion — a  fact  which  probably  arose  from  his 
using  ductile  iron ;  but  he  was  more  fortunate  when  he  melted  together  native 
platinimi  and  pig-iron.    The  alloy  was  excessively  hard,  but  possessed,  never- 
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theless,  some  ductility  when  the  iron  formed  about  three  quarters  of  it  Its 
specific  gravity  considerably  exceeded  the  mean  density  of  the  two  metals, 
the  platinum  having  destroyed  in  the  iron  its  property  of  expanding  as  it 
became  solid.  This  alloy,  at  the  end  of  ten  years,  was  very  little  tarnished. 
At  a  red-heat  it  became  brittle,  and  its  fracture  was  black,  without  any 
metallic  lustre. 

According  to  the  experiments  of  Messrs.  Faraday  and  Stodart,  equal  parts 
of  these  two  metals  give  a  crystalline  alloy,  susceptible  of  a  fine  polish,  and 
with  a  density  of  9*862 ;  it  does  not  tarnish  in  the  air,  and  would  be  suitable 
for  mirrors.    This  alloy  is  tolerably  fusible. 

Platinum  and  iron  may  be  joined  by  soldering  them.  Messrs.  Faraday 
and  Stodart  united  by  this  method  threads  of  the  two  metals,  and  obtained 
from  them  a  handsome  specimen  of  damaskeening,  by  treating  them  as 
for  damaskeened  steel. 

M.  Berthier,  who  heated  in  a  crucible  lined  with  charcoal,  to  150**, 

Platinum   .     .    0*248      1  at.    .     .     0476     1  at 
Iron.     .     .     .    0-752    10  „      .     .     0524    4  „ 

found  the  two  mixtures  fased  without  difficulty.  The  first  button  weighed 
1*013 :  the  carbon  absorbed,  therefore,  was  0*013.  The  second  button  weighed 
but  1*003,  and  had  therefore  absorbed  but  0003  of  carbon.  The  two  alloys 
became  completely  flattened  under  the  hammer  before  breaking ;  their  frac- 
ture was  gray,  granular,  and  a  little  interwoven.  They  were  easily  filed,  took 
a  fine  polish,  and  their  colour  was  rather  that  of  platinum  than  of  iron.  The 
alloy  consisting  of  one  atom  of  each  metal  did  not  melt  readily  at  a  tempera- 
ture of  150^ 

Platintun  combined  with  iron  is  more  readily  acted  upon  by  adds,  and 
may  be  dissolved  by  nitric  acid.  To  make  an  analysis  of  a  binary  alloy  of 
these  metals,  it  should  be  treated  with  aqua  regia.  The  metals  are  then  pre- 
cipitated with  zinc,  the  precipitate  digested  with  nitric  acid,  when  the  platinum 
will  remain. 

Ison  and  Lead. — Chemists  are  not  agreed  as  to  the  combination  of  these 
metab :  some  doubt  the  fii.ct,  others  admit  it  under  some  circumstances  only, 
and  some  regard  it  as  impossible.  Among  others,  M.  Berthier  is  of  the  last 
opinion.  Messrs.  Macquer  and  Leonhardi  say  that  iron  is,  of  all  metals, 
the  only  one  that  has  never  been  alloyed  with  lead.  M.  GeUert  remarks 
that  this  property  of  iron  renders  it  very  fit  for  separating  lead  from  other 
metals,  in  cases  where  they  have  less  affinity  for  the  lead  than  for  the  iron. 
It  is,  at  all  events,  certain  that  the  lead  may  itself  serve  as  an  intermediate 
means  of  separating  iron  from  other  metals — ^from  silver,  for  example ;  for  in 
melting  a  sufficient  quantity  of  lead  with  an  alloy  of  iron  and  silver,  the  lead 
seizes  eagerly  on  the  silver,  and  isolates  the  iron,  which  is  seen  to  swim  on 
the  sur&ce  of  the  lead  and  silver. 

M.  Muschenbroeck  asserts  that  he  has  been  able  to  combine  by  fusion 
400  parts  of  iron  with  134  of  lead,  and  thus  to  have  formed  a  hard  alloy 
whose  tenacity  was  not  the  half  of  that  of  pure  iron.    He  asserts  also  that 
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the  specific  gravity  of  an  alloy  conaiatiog  of  ten  parts  of  iron  and  one  of  lead 
is  only  4*260. 

According  to  M.  Binmann  lead  will  combine  with  a  small  quantity  of  iron, 
and  acqiiires  much  greater  hardness ;  but  he  was  unable  to  form  either  tbia 
combination,  or  the  inverse  one,  by  means  of  a  simple  fusion.  He  only  suc- 
ceeded in  ejSecting  a  more  intimate  action  of  the  molecules,  either  by  uaing 
iron  for  the  reduction  of  the  lead,  or  by  mixing  the  oxides  and  reducing  them 
with  powdered  charcoal. 

Dr.  Ure  affirms  that  iron  does  not  unite  with  lead  ao  long  as  both  these 
substances  preserve  the  metallic  form. 

M.  Guyton-Morveau,  in  some  experiments  made  subsequently  to  those 
of  M.  Binmann,  melted  a  mixture  of  iron  and  lead;  and  records  having 
obtained,  on  cooling,  two  distinct  layers :  the  upper  one  consuBting  of  iron 
with  a  little  lead ;  the  lower  one  consisting,  on  the  contrary,  of  lead  con- 
taining a  little  iron.  B  ut  he  does  not  give  the  proportions  of  these  two  distinct 
alloys. 

M.  Thenard  limits  himself  to  expressing  doubts  upon  the  combination  of 
iron  with  lead. 

B^rzelius  and  Dimias  consider  the  union  of  these  metals  as  very  difficult 
to  be  effected ;  but  they  appear  to  admit  the  results  of  M.  Guyton-Morveau. 

M.  Hassenfratz  has  also  made  experiments  with  lead,  copper,  and  other 
metals,  placed  in  small  iron  cannon,  which  he  then  submitted  to  a  white  heat 
It  was  a  mode  of  cementing  iron  in  some  sort  by  the  fumes  of  the  lead.  But 
however  interesting  these  experiments  may  be,  they  lose  their  value,  because 
of  the  absence  of  any  statement  as  to  the  properties  of  the  alloys  obtained ; 
that  chemist  neither  indicating  the  weight  of  the  lead  used,  nor  the  weight  of 
the  cannon  before  and  after  the  operation.  Those  proportions,  nevertheless, 
were  exactly  the  things  which  we  ought  to  know ;  for  it  is  possible  that  the 
iron  may  not  be  iigured  except  by  a  large  proportion  of  the  foreign  metals, 
in  which  case  the  practical  worker  in  iron  would  have  nothing  to  fear  from 
their  influence.  When  treated  after  this  manner  with  lead,  iron  is  forged 
with  difficulty,  is  full  of  flaws,  and  brittle  when  cold. 

M.  Karsten  observes  that  in  M.  Hasseniratz's  experiments  the  metals 
were  forced,  as  it  were,  to  mix  in  proportions  different  from  those  they  would 
have  chosen  had  they  been  left  in  the  liquid  state  to  the  action  of  their 
molecules.  He  has  supplied  the  deficiencies  of  M.  Hassenfratz.  The  re- 
searches he  made  are  interesting  in  their  relation  to  the  metallurgy  of  iron. 
Iron  ores,  it  must  be  recollected,  frequently  contain  lead ;  and  it  becomes, 
therefore,  important  to  understand  well  the  properties  of  the  alloy  of  these 
two  metals.  *  Treated  in  blast-fiimaces,  these  substances  give  lead  in  a  reduced 
state,  which,  after  the  melting,  loaves  the  crucible  with  the  crude  iron.  Aftei 
taking  down  the  furnace,  it  is  found  under  the  hearth,  either  aa  metal,  or 
oxidized,  or  transformed  into  a  very  beautiful  red  oxide  of  lead ;  or,  finally,  in 
the  state  of  a  crystallized  silicate. 

In  his  experiments,  M.  Karsten  has  never  succeeded  in  combining  the  two 
metals  by  simple  fusion.    Ductile  iron  without  carbon  did  not  melt ;  with 
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HolB  additioB  of  powdered  chaxcoal,  he  obtained  (as  with  erode  iron)  only  lead 
and  white  cas^iron,  which  contained  no  trace  of  lead. 

Idthaige,  reduced  with  crade  iron  in  exoees,  gave  him  the  same  result, 
plus  a  certain  quantity  of  scoria  consisting  of  one  or  other  metals. 

In  substituting  ductile  iron  for  crude  iron,  M.  Karsten  obtained  an  alloy 
with  litharge  at  a  yerj  high  temperature.  The  button  was  completely  melted 
and  surrounded  on  all  sides  by  lead.  The  scoria  was  black,  and  contained  a 
part  of  the  two  metals. 

The  following  are  the  average  results  of  five  different  experiments  which 
M.  Karsten  made  with  100  parts  of  ductile  iron  and  800  parts  of  litharge : — 
The  button  of  lead  239  parts  instead  of  278*85,  consequently  89*55  parts  of 
lead  were  yitrified ;  button  of  iron  22-& :  it  follows  that  77*5  parts  of  iron  in 
the  state  of  protoxide,  combined  with  22*8  of  oxygen,  became  vitrified.  But 
239  parts  of  lead  could  not  supply  more  than  17*1  of  oxygen  at  the  rate  of 
7- 15  per  cent  The  remainder,  therefore,  came  from  the  air  contained  in  the 
crucible,  or  from  that  which  was  introduced  during  the  operation.  It  is  even 
possible  that  the  substance  of  the  crucible  had  yielded  a  certain  quantity 
of  it. 

The  button  of  iron  had  not  the  properties  of  ordinary  ductile  iron ;  its 
texture  was  lamellar ;  it  could  be  easily  forged,  but  soon  displayed  slight 
cracks ;  it  was  very  brittle,  possessed  no  hardness,  dissolved  without  giving 
the  least  residue,  in  nitric  acid,  and  consequently  contained  no  carbon.  Satu- 
rated with  caustic  ammonia,  and  then  treated  with  the  sulphate  of  potash,  the 
solution  gave  2*8  per  cent,  of  sulphate  of  lead,  containing  3*06  of  metal;  so 
that  this  regulus,  which  bore  some  resemblance  to  crude  iron,  was  composed 
of  97-94  of  iron  and  of  206  of  lead. 

The  button  of  lead  obtained  by  the  reduction  of  litharge  was  dissolved 
while  hot  in  nitric  acid,  and  the  solution  treated  with  sulphate  of  potash. 
After  neutralizing  the  solution,  the  sulphate  of  lead  was  separated ;  the  liquid 
then  neutralized,  and  treated  with  the  benzoate  of  soda,  showed  no  trace  of 
iron.  It  follows,  therefore,  according  to  M.  Karsten,  that  by  simple  fusion, 
iron  and  lead  cannot  combine :  that  cast-iron  or  oarburetted  iron,  when  they 
reduce  litharge,  do  not  yield  an  alloy ;  but  that  pure  iron  placed  in  the  same 
ciroumstances  may  retain  as  much  as  2*06  of  lead — a  circumstance  which 
renders  it  more  brittle  and  more  fiisible  without  hardening  it :  in  short,  that 
lead  in  either  case  cannot  unite  itself  to  a  small  quantity  of  iron ;  results 
which  are  opposed  to  those  of  M.  Binmann,  and  to  those  of  M.  Ouyton-Mor- 
veau.  It  even  seems  that  lead,  obtained  by  the  reduction  of  the  scoria,  does 
not  owe  its  hardness  or  its  britUeness  to  the  presence  of  iron,  as  was  generally 
believed.  Iron,  then,  is  not  deteriorated  by  the  presence  of  lead  in  the  ores, 
provided  they  are  smelted  in  blast-furnaces  to  make  cast-iron,  since  the  lead 
and  crude  iron  cannot  combine  together. 

In  decomposing  crude  iron  obtained  from  plumbi&rous  ores,  analysis  has 
never  evidenced  to  M.  Karsten  any  trace  of  lead.  Nevertheless,  it  is  possible, 
he  says,  that  a  very  feeble  dose  escapes  the  operations  of  the  chemist  On  the 
other  side,  as  this  alloy  does  exist,  as  regards  pure  iron,  we  cannot  but 
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appland  the  efforts  of  those  metallurgists  who  have  made  synthetic  experi- 
ments in  reference  to  this  subject.  In  the  assays  M.  Earsten  made  in  Silesia, 
he  added  to  the  crude  iron  in  the  first  experiment,  one  per  cent,  of  lead,  and 
for  the  second  one  per  cent,  of  litharge.  The  u'on  thus  obtained  had  no  defect; 
but  its  analysis  presented  no  trace  of  lead,  and  the  sulphuretted  hydrogen 
used  would  have  readily  discovered  it,  had  any  been  present.  These  experi- 
ments were  repeated  a  third  time  with  two  per  cent,  of  litharge,  and  furnished 
the  same  results. 

bon  and  Potaasliuii. — ^According  to  Berzelius,  iron  combines  with 
potassium  by  means  of  heat,  and  the  alloy  melts  more  easily  than  pure  iron, 
especially  when  exposed  to  the  air.  Air  and  water  both  decompose  this 
alloy.  According  to  M.  Karsten,  cast-iron,  when  fased  with  potash,  becomes 
converted,  first  into  a  steel  like  iron,  and  then  into  pure  iron,  because  the 
carbon  is  consumed  in  the  reduction  of  the  alkali;  but  the  iron  does  not 
enter  into  combination  with  the  potassium  on  account  of  this  metal  not  being 
sufficiently  fixed.  It  is  for  this  reason  also,  says  M.  Karsten,  that  no  alloy 
is  obtained  when  iron  and  potassium  are  fused  with  the  addition  of  charcoal; 
or  even  when  we  melt,  as  M.  Serullas  has  done,  a  mixture  of  iron-filings, 
tartrate  of  potash,  and  soot.  That  gentleman  is  said  to  have  obtained  in 
this  way  a  compound  of  iron  and  potassium,  which  was  both  gray  and  brittle ; 
but  M.  Karsten  remarks,  that  in  this  operation  the  iron  was  probably  changed 
into  crude  iron  or  steel. 

M.  Karsten  considers  it  proved  by  the  experiments  of  M.  Hassenfiratz, 
that  potassium  can  have  no  mischievous  influence  on  the  quality  of  iron.  A 
gun-barrel,  which  had  been  used  to  decompose  potash,  and  in  which  a  con- 
siderable quantity  hod  in  fact  been  deoxidized,  admitted  of  being  forged  with 
ease,  and  the  iron  was  neither  defective  in  texture  nor  brittle  when  cold. 
M.  Karsten  fui*ther  illustrates  this  by  pointing  out  that  if  potassium  com- 
bined with  iron,  we  ought  to  find  it  in  aU  cases  when  the  ores  are  treated 
with  charcoal.  Yet  tliey  have  never  given  a  trace  of  it  on  analysis.  If 
chemical  means  cannot  discover  it,  it  must  be  because  it  exists  in  very  small 
quantities  in  the  metal,  and  this  small  quantity  is  insufficient  to  communicate 
any  defect  to  the  iron.  Neither  has  M.  Karsten  found  any  potash  or  potassium 
either  in  the  slag  of  blast-furnaces,  or  in  the  crude  iron  smelted  by  charcoal; 
and  thence  he  infers  that  the  potassium  is  reduced  in  blast-furnaces,  is  then 
sublimed,  and  escapes  either  by  the  mouth  or  _firom  the  hearth.  We  may, 
indeed,  collect  the  potash  deposited  with  several  other  volatile  substances 
ux>on  the  tymp  and  the  walls  of  the  furnace.  These  deposits  contain  not 
only  carbonate,  but  also  chloride  and  cyanide  of  potassium.  According  to  the 
experiments  of  M.  Berthier,  the  sublimate  collected  from  the  tymp  contains 
much  potash,  even  when  the  blast-furnace  is  fed  by  coke.  Nevertheless,  it  is 
just  possible  that,  under  other  circumstances,  in  the  Gxe  of  a  refinery  for 
example,  iron  may  combine  with  potassium  or  sodium. 

To  certify  this  conjecture,  M.  Karsten  added  to  crude  iron  during  the 
refinery  operation  five  or  six  per  cent,  of  potash  and  of  soda.  The  iron  became 
less  easily  welded,  and  of  very  much  less  tenacity,  although  it  contained  only 
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a  trace  of  these  alkalies.  *  It  was  not  to  be  doubted  that  it  was  to  their 
inflnence  the  bad  qnality  of  the  metal  was  to  be  attributed ;  but  we  are  all  the 
less  surprised  at  this,  as  we  know  of  many  other  bodies  which,  in  very  small 
doses,  produce  aaalogous  effects  upon  iron. 

But  these  results  are  of  small  importance  to  iron-masters.  In  practice, 
we  are  assured  by  M.  Karsten,  it  can  never  happen  that  iron  will  be  found  in 
contact  with  alkalies  in  quantities  like  these.  M.  Karsten  expresses  the 
opinion  that  0*0005  of  potassium  hardens  iron,  and  diminishes  its  capability 
of  being  welded. 

Iron  and  Sillcliun. — ^According  to  Berzelius,  siHcium  unites  with  iron, 
but  only  at  the  instant  that  it  is  set  at  liberty — ^tliat  is  to  say,  in  the  nascent 
state.  When  once  isolated,  the  sUicium  no  longer  combines  with  the  iron, 
and  it  acts  in  the  same  manner  in  reference  to  other  metals  susceptible  of 
forming  alloys  with  it.  Messrs.  Berzelius  and  Stromeyer  succeeded  in  forming 
a  compound  of  silicium  with  iron  by  cementing  iron-filings  in  silex  reduced 
to  a  fine  powder,  and  mixed  with  pulverized  charcoal.  This  mixture  was 
composed  of  8  parts  of  iron,  1^  of  silex,  and  0*66  of  charcoal,  and  exposed  to 
the  utmost  heat  of  the  blast-furnace.  The  iron  in  this  operation  enters  into 
aUoy  with  the  silicium,  as  in  similar  circumstances  it  unites  with  carbon. 
The  silicide  of  iron  thus  obtained,  is  of  a  silver-white  colour,  and  ductile  :  its 
specific  gravity  is  6*7  to  7*8,  while  that  of  the  iron  used  was  7*8286.  We  do 
not  "teow  in  what  proportion  of  iron  and  silicium  this  union  may  take 
place. 

This  alloy,  dissolved  in  acids,  disengages  silica  as  a  porous  mass  of  about 
the  dimensions  of  the  dissolved  silicide.  The  alloy  must  be  heated  to  be 
dissolved  in  sulphuric  acid.  Dissolved  while  cold  in  hydrochloric  acid,  it 
causes  the  disengagement  of  more  hydrogen  than  an  equal  quantity  of  iron. 
To  judge  by  these  experiments,  sUicium  will  not  affect  in  a  very  sensible  man- 
ner the  tenacity  and  hardness  of  iron,  but  it  diminishes  its  specific  gravity. 
According  to  M.  Karsten,  however,  it  is  easy  to  see,  in  operations  on  a  large 
scale,  that  silicium  is  very  injurious  to  tlie  qualities  of  iron ;  and  that  a  great 
part  of  the  iron  which  is  brittle  when  cold,  or  coliMiort,  owes  its  brittleness 
to  small  doses  of  this  earthy  metal. 

The  tenacity  or  strength  of  iron  is,  according  to  this  metallurgist,  con- 
siderably diminished  by  the  presence  of  0*37  per  cent,  of  silicium.  His  ex- 
periments have  likewise  shown  that  the  action  of  silex  on  iron  is  much  more 
injurious  than  that  of  phosphorus. 

MM.  Janoyer  and  Gauthier  have  found  that  the  strength  of  iron,  smelted 
with  the  hot  blast,  depends  very  much  upon  the  amount  of  carbonate  of  Hme 
used  in  the  operation.  Haw  iron  smelted  witli  a  charge  that  yielded  a  slag  in 
which  the  proportion  of  lime  and  alumina  to  silica  was  Br,  Aio,  had  little 
strength,  but  broke  readily,  and  analysis  showed  that  it  contained  three  per 
cent,  of  silicon.  The  large  amount  of  silicon  in  raw  iron  smelted  with  the  hot 
blast,  has  been  ascribed  to  the  easier  reduction  of  silica  at  the  high  tempera- 
ture thus  produced.  But  by  increasing  the  amount  of  carbonate  of  lime  in 
the  charge,  so  as  to  obtain  a  slag  in  which  the  proportion  of  bases  to  silica 
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was  Bg,  Alo,  and  using  a  blast  at  the  highest  attainable  temperature,  the  iron 
{produced  had  much  greater  strength,  and  contained  only  1*8  per  cent  of  silicon. 
When  the  proportion  of  the  bases  and  silica  in  the  slag  was  Bm,  Ait,  the  iron 
contained  only  an  unappreciable  trace  of  silicon,  and  the  strength  was  in- 
creased in  the  proportion  of  45  to  G5.  It  would  appear,  therefore,  that  the 
inferior  quality  of  iron  smelted  with  the  hot  blast  cannot  be  ascribed  to  the 
high  temperature,  but  is  owing  rather  to  the  charge  not  being  suitably  pro- 
portioned, and  that  when  there  is  a  sufficient  amount  of  hme  present,  silica  is 
not  reduced.  When  the  maximimi  amount  of  lime  was  used,  the  consump- 
tion of  fuel  was  on  the  average  six  per  cent,  greater. 

If  we  may  believe  M.  Berthier,  silicium  does  not  injure  the  quality  of 
crude  iron;  but,  on  the  contrary,  it  makes  it  more  eligible  for  all  kinds  of 
castings.  The  largest  quantity  of  silicium  that  M.  Karsten  could  find  was 
3*46  per  cent.,  although  one  per  cent  is  in  general  a  considerable  proportion. 
Crude  iron  smelted  with  coke  is  in  general  more  siliceous  than  that  smelted 
with  charcoal.  Nearly  all  the  steel  made  in  France  contains  silicium.  The 
following  are  the  results  of  the  analyses  made  by  M.  Boussingault,  which 
tend  to  prove  this  fSact : — 


lion. 

GaHxm. 

SiUdam. 

Manganese 
&  Copper. 

Fer  de  Bive     . 

.    99-825     . 

.    traces    . 

.     0-175     . 

.    traces 

Cement  steel  . 

.     90-325     . 

.     0-450     . 

.     0-225     . 

.    traces 

Cost  steel   .    . 

.     99-442     . 

.     0'383     . 

.     0-225     . 

.    traces 

Pure  steel  .    . 

.     99-875     . 

.     0-500     . 

.    0125     . 

.    traces 

It  appears  from  these  results  that  in  the  cementation  the  iron,  in  combining 
with  the  carbon,  absorbs  at  the  same  time  a  great  quantity  of  silicium.  But 
the  presence  of  carbon  is  not  essential ;  for  pure  iron,  when  fused  in  a  clay 
crucible,  absorbs  enough  silicium  to  make  it  less  refractory.  The  iron  under 
this  circumstance  becomes  hard,  brittle,  and  steel  like. 

Sometimes  iron,  with  a  very  large  amount  of  silicium,  is  produced  under 
peculiar  circumstances ;  but  it  cannot  be  regarded  as  cast-iron.  Plattner  and 
Karsten  examined  a  pig  of  iron  which  was  silver-white,  brittle,  lamellar ; 
its  density  was  7-17 ;  it  became  yellow  by  exposure  to  the  air;  and  contained 
8*87  per  cent  of  silicium,  0'942  of  sulphur,  0-18  of  aluminum,  189  of  carbon, 
with  traces  of  copper  and  arsenic. 

M.  Boussingault  found  in  malleable  iron,  when  melted  in  a  Hessian 
crucible,  more  than  0*54  per  cent,  of  silicium.  Having  analyzed  also  some  of 
Clouet's  steel,  ho  found  it  composed  of : — 

Iron    ....    99-20 

Silicium.    .    .      0*80  (the  silica  obtained  was  I'GO) 

Carbon    .    .    .      000 


100-00 
This,  then,  is  a  siliceous  steel :  the  name  steel  cannot  be  withheld  from  it, 
inasmuch  as  it  possesses  the  characteristic  property,  namely,  that  of  hardening 
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when  tempered.  We  maj,  therefore,  assume  with  M.  Bonssiiiganlt,  that 
sUieium  is  at  least  as  necessary  for  convertmg  iron  into  steel  aa  carbon  is» 
mnce  it  does  not  appear  that  it  erer  exists  inthoat  sificinm,  and  we  know 
that  it  may  exist  without  carbon.  But  we  should  not  hence  conclude  that 
carbon  is  of  no  use  in  steel.  It  is  possible  that  it  may  be  almost  necessaiy, 
considered  as  a  means  of  rendering  it  more  easily  worked ;  a  fauct  which 
supports  th|s  opinion  is,  that  all  the  steels  in  actual  use  are  more  or  less 
carbonized,  and  that  no  use  has  been  made  of  that  of  M.  Glouet.  But  an 
experienced  artizan  who  has  had  an  opportunity  of  comparing  the  two  kinds 
of  steel  can  alone  decide  this  point. 

.  lion  and  Sodinm. — Sodium  has  the  same  action  on  iron  as  potassium,  a 
subject  we  have  treated  in  an  earlier  page. 

Iron  and  Tantalum,  ov  Oolnmblnm. — ^It  appears  that  these  two  metals 
can  combine.  According  to  Dr.  Thompson,  if  we  heat  to  a  high  temperature, 
in  a  small  crucible,  a  mixture  of  oxide  of  tantalum  and  iron-filings,  the  oxide 
becomes  reduced  to  a  metallic  state,  and  forms  an  alloy  with  iron.  This 
aQoy  has  the  appearance  of  white  cast-iron,  but  is  without  a  crystalline 
texture.  Itissufficientlyhard  to  scratch  glass.  Nitro-hydrochloric  add  readily 
dissolyes  the  iron,  and  leayes  the  tantalum  as  a  gray  powder.  According 
to  Berzelius,  iron  may  be  combined  with  tantalum,  by  heating  the  oxides 
mixed  with  charcoal  to  a  very  high  temperature.  According  to  M.  Bertihier, 
this  alloy  is  imperfectly  fused,  and  resembles  cast-iron.  Hydrochloric  acid 
also  decomposes  it ;  the  iron  is  dissolved,  and  the  tantalum  separates  as  a 
black  powder,  which  probably  contains  charcoal. 

lion  and  Tallniinnk* — ^The  alloy  of  these  metals  occurs  native :  it  may 
also  be  obtained  artificially;  for,  according  to  Berzelius,  tellurium  easily 
unites  with  metals,  and  forms  with  them  compounds  analogous  to  the  sul- 
phides ;  but  its  alloy  with  iron  has  not,  as  fieur  as  we  know,  been  yet  ex- 
amiifed. 

The  telluride  of  iron  is  very  rare :  it  is  found  at  Facebay,  near  Salathna, 
in  Transylvania,  accompanied  by  gold,  &o.,  in  small  veins,  in  an  earth 
composed  of  schist  and  diorite.  It  is  found  in  fine  grains,  or  in  small 
flattened  crystals,  which  present  hexagonal  prisms,  broad  on  one  side,  and 
terminated  by  annular  facets.  It  is  either  coloured  like  tin  or  gray  steel,  and 
is  soft  and  fragile.  Its  specific  gravity  varies  from  5*7  to  6*6.  M.  Elaproth 
found  in  it — 

Iron 0'0T20  ' 

Tellurium 0*9255    •  1*0000 

Gold 0-0025  J 

It  consequently  contains  more  than  ^ve  atoms  of  tellurium  for  one  of  iron. 
Mr.  Sheppard  announces  that  he  has  found  in' Guildford  County,  in  the 
United  States,  a  piece  of  telluride  of  iron  weighing  more  than  thirty  pounds, 
and  presenting  crystals  of  a  regular  octahedral  form ;  but  no  analysis  was 
made. 

Hon  and  Titaninm, — ^Titanium  has  very  Httle  affinity  for  iron,  and  the 
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two  metals  cannot  combine  except  under  artificial  conditions.  In  several  ex- 
periments made  by  Messrs.  Faraday  and  Stodart,  they  endeavoured  to  reduce 
the  ferric-titanate  with  pulverized  charcoal,  or  titanic  acid  mixed  with  iron 
and  charcoal ;  but  tlie  fixed  regulus  did  not  present  the  least  trace  of  this  sub- 
stance, notwithstanding  the  extreme  heat  used  by  them.  In  some  earlier 
experiments,  Messrs.  Vauquehn  and  Hecht  had  obtained  an  infusible  mass 
of  a  clear  gray,  spxinkled  with  yellow  metallic  specks,  which  they  regarded 
as  a  combination  of  iron  and  titanium. 

However  this  may  be,  the  alloy  is  to  be  found  in  nature,  and  the  com- 
pounds of  these  two  metals  constitute  a  multitude  of  different  minerals,  in 
which  the  titanium  is  in  the  state  of  titanic  acid.  The  iron  is  foimd  also  in 
some  in  the  form  of  protoxide  r  but  it  is  found  also  in  others  in  the  form  of 
peroxide.  The  titaniferous  ores  of  iron  exist  in  abundance  in  old  rocks 
and  volcanic  rocks.  These  minerals  are  of  a  metallic  black,  approaching 
brown,  when  they  contain  a  great  quantity  of  titanium ;  their  fracture  is  of  a 
bright  conchoidal  form ;  they  are  magnetic,  and  nearly  always  polar  when 
they  contain  as  much  as  half  of  their  weight  of  oxide  of  iron.  In  this  case 
they  are  also  soluble  in  aqua  regia ;  but  when  they  contain  more  than  a  half 
of  their  weight  of  titanium,  they  are  ordinarily  without  magnetic  power,  and 
unaffected  by  acids. 

Before  the  blowpipe,  titanates  of  iron  are  infusible  by  themselves ;  they 
dissolve  in  microcosmic  salt.  In  the  reducing  fiame,  the  glass  is  nearly 
colourless  when  hot;  but  on  cooling,  becomes  of  a  more  or  less  deep  red. 
When  tin  is  introduced,  the  colour  due  to  the  oxide  of  iron  disappears,  and 
there  is  no  other  reaction  than  that  of  the  titanium.  In  this  case,  if  the 
metal  be  in  considerable  quantity,  the  glass  is  of  a  pure  blue  violet ;  if  in  very 
small  quantity,  the  glass  is  colourless. 

M.  Berthier,  from  whom  we  borrow  these  details,  adds  that  the  result  of 
the  principal  analyses  of  titanates  of  iron,  lead  him  to  the  opinion  that  -the 
protoxide  of  iron  and  titanic  acid  are  found  combined  in  various  proportions 
in  nature,  and  form,  in  consequence,  several  distinct  mineral  species.  Titanium 
is  frequentiy  foimd  in  the  north,  and  especially  in  Norway.  It  makes  iron 
ores  so  hard  to  work,  that  in  the  furnaces  at  Arendal,  which  are  worked  by 
charcoal,  and  are  nearly  forty  feet  high,  it  has  been  found  sometimes  im- 
possible to  smelt  them  ;  and  Uiose  containing  it  in  large  quantities  are  thrown 
aside.  Far  from  ii^juring,  indeed,  the  quality  of  the  products,  it  increases 
both  tlieir  tenacity  and  hardness. 

M.  Hassenfratz  made  an  experiment  in  wliich  he  replaced  titanium  with 
rutile,  which,  according  to  M.  Elaproth,  is  its  oxide.  He  found  that  the 
iron  treated  by  this  substance  could  be  easily  forged,  without  being  either 
defective  in  texture  or  brittie  when  cold.  Titanium  requires  for  reduction 
and  fusion  a  much  higher  temperature  than  is  necessary  for  iron.  It  is  for 
this  reason,  says  M.  Karsten,  that  the  oxide  of  titanium  renuiins  almost 
entirely  in  the  slag,  and  more  especially  since  the  affinity  between  the  two 
metals  appears  to  be  very  feeble. 

In  blast-furnaces,  small  cubic  crystals  of  a  beautiful  copper  colour  are  often 
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found.  Dr.  Walchndr  of  Fribourg,  in  Biisgau,  has  often  obserred  them  in  the 
smelting-fdmaces  of  Baden,  particularlj  at  Kandem.  M.  Zinken  has  made 
analogous  observations  while  examining  the  scoria  of  a  blast-fdmace  at 
Magdespnmg.  These  crystals  have  since  been  found  by  Wohler  to  be  not,  as 
was  supposed,  metallic  titanium,  but  a  compound  of  cyanide  and  nitride  of 
titanium,  containing  eighteen  per  cent,  of  nitrogen  and  four  per  cent,  of  car- 
bon. M.  Karsten  has  also  found  the  same  class  of  crystals  in  the  scoria  of 
several  forges  in  Oexmany.  He  mentions,  also,  that  M.  Grigon  had  ahready 
remarked  them  in  1 757,  but  they  were  then  taken  to  be  iron  pyrites.  M.  Kar- 
sten has  also  observed,  at  times,  little  ^obules  of  titanium  in  gray  pig  iron, 
a  proof  of  its  small  affinity  for  iron.  He  says,  that  in  the  refineiy  operations, 
titanium  is,  in  a  great  measure,  separated  fiiom  iron ;  nevertheless,  traces  are 
sometimes  found  in  ductile  iron. 

Although  titanium  is  not  soluble  alone  in  acid,  it  dissolves  when  combined 
with  iron.  It  ought,  therefore,  to  be  looked  for  in  the  fluid  when  making  an 
analysis. 

Ison  and  Tungsten, — ^Iron  combines  with  tungsten.  The  Messrs.  D*£l- 
huyart  have  obtained  this  alloy  by  heating  to  the  proper  point,  in  a  crucible, 
a  mixture  of  100  parts  of  iron,  50  parts  of  the  yellow  oxide  of  tungsten,  and  a 
sufficient  quantity  of  charcoal.  After  fusion  and  cooling,  they  found  a  per* 
feet  button  of  a  brownish-white  colour,  hard,  rough  to  the  touch,  and  of  an 
even  fracture.  It  represented  137  parts.  M.  Hassenfratz,  in  some  analogous 
experiments,  had  already  obtained  an  alloy  of  the  two  metals,  which  forged 
easily  enough,  although  slightly  brittle ;  it  was  ductile,  cracked  in  the  temper- 
ing, and  assumed  in  forging  partially  a  fibrous,  partially  a  granular  texture. 
M.  Karsten  concludes  from  these  experiments,  that  tungsten  (in  this  respect 
resembling  titanium)  only  increases  the  hardness  of  iron.  The  alloy  com- 
posed of 

Iron 0-63        Bat. 

Tungsten 037        1  „ 

is,  according  to  M.  Berthier,  of  a  whiter  gray  than  iron,  shining,  hard,  more 
brittle  than  ordinary  cast-iron,  and  of  a  lamellar  structure. 

Ison  and  Zinc. — ^The  possibility  of  uniting  the  metals  was,  and  is  still,  a 
subject  of  doubt  and  dispute  among  chemists.  It  is,  indeed,  easy  to  under- 
stand that  two  bodies  would  not  readily  combine,  one  of  which  is  somewhat 
volatile  and  the  other  very  refractory ;  yet  does  this  alloy  occur  in  certain  iron 
ores  and  calamines  which  nature  ofiers  us.  According  to  M.  Henkeln,  zinc 
and  iron  form  an  alloy,  hard,  sensible  to  the  magnet,  and  resembling  silver. 
But  he  does  not  indicate  the  proportion  of  the  two  metals,  nor  tlie  manner  in 
which  their  combination  is  effected.  Mr.  Cramer  says,  that,  to  effect  tliis,  we 
must  bring  the  iron  to  a  red  heat  (with  small  charcoal)  and  up  to  the  point  of 
fusion,  and  then  add  to  it  the  zinc.  But  Mr.  Crells  denies  the  fact  of  the  com- 
bination, because  the  zinc  must,  according  to  him,  be  volatilized  by  the  high 
temperature  of  the  iron.  M.  Binmann  is  of  the  same  opinion,  and  has  tried 
to  combine  tlie  two  metals  by  tlie  reciprocal  reduction  of  their  oxides.    But, 
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according  to  Professors  Macqner  and  Leonhardi,  his  ezperiments  have  not 
conducted  to  any  certain  resnlts.  He  obtained,  no  doubt,  a  kind  of  iron  softer 
and  shorter,  but  with  no  certainty  that  it  contained  zino.  Later  M.  Gmelin 
made  some  nnsuccesafiil  attempts  to  alloy  the  tvro  metals  by  fnsion.  Yet,  so  £Eur 
back  as  in  1742,  M.  Malonin  satisfied  himself  that  we  can  make  a  sort  of  tin 
with  zino — a  fact  which  proves  the  possibility  of  a  combination  between  the 
two  metals.  When  a  blade  of  tbin  iron  pl&te  is  plunged  into  a  solution  of 
sal-ammoniac,  then  into  a  bath  of  melted  zinc,  and  withdrawn  rapidly,  a  thin 
but  uniform  coating  of  zinc  is  found  attached.  It  was  considered  that  this 
variety  of  tin  was  not  likely  to  be  applied  to  any  useful  purposes ;  but  under 
the  name  Of  galvanized  iron  it  is  now  produced  in  large  quantities,  and  has 
been  put  successfully  to  a  great  variety  of  purposes. 

According  to  the  experiments  of  M.  Hollander,  a  white,  brittle,  metallic 
mass  is  obtained  by  heating  to  a  red  heat,  for  some  time,  a  mixture  of  pounded 
pig-iron  and  of  zinc  in  a  hermetically  closed  vessel.  Dr.  Lewis  denies  the 
impossibility  of  effecting  this  alloy,  which,  according  to  his  experiments,  is 
hard,  somewhat  malleable,  and  of  an  almost  silvery  white. 

M.  Thenard  holds  that  zinc  cannot  unite  with  iron.  M.  Dumas,  on  the 
contrary,  admits  the  combination :  but  says  it  cannot  be  effected  but  by  means 
of  some  very  nice  precautions.  If  we  heat  the  metals  together,  the  zinc  vola- 
tilizes at  a  white  heat,  and  pure  iron  remains ;  but  at  a  moderate  temperature 
the  alloy  may  be  effected.  According  to  him,  the  temperature  at  which  zinc 
fuses — a  dull  redheat-— isi  the  best  He  adds,  that  zino  may  be  easily  com- 
bined with  a  small  per-c6ntage  of  iron,  by  melting  it  with  iron-filings.  The 
zinc  of  commerce  contains  ordinarily  one  or  two  per  cent  of  iron. 

According  to  M.  Berthier,  who  has  made  many  very  interesting  experi- 
ments on  the  alloys  of  zinc,  the  affinity  of  this  metal  for  iron  is  very  weak, 
and  it  is  extremely  difficult  to  form  the  alloy  directly.  "When  iron-wire  is  cut 
up  in  small  pieces,  well  mixed  with  granulated  zino  in  excess,  and  heated  with 
black  flux,  there  is  but  a  very  small  quantity  of  alloy  deposited  at  the  bottom 
of  the  crucible ;  most  of  the  zinc  volatilizes,  even  when  the  operation  is  con- 
ducted very  slowly,  and  the  heat  carefully  regulated ;  and  the  iron-wire  pre- 
serves throughout  its  polish  and  lustre.  But  the  alloy  which  is  so  difficult 
to  prepare  in  our  laboratories,  is  to  be  found  but  too  frequently  in  the  fur- 
naces where  zinc  is  smelted.  "When  it  is  melted  in  cast-iron  pans  to  separate 
the  oxides  and  impurities  with  which  it  is  mechanically  mixed  when  it  issues 
from  the  distilling  tubes,  it  gradually  corrodes  them ;  and  some  time  after 
there  is  found  at  the  bottom  of  the  pans  an  alloy  which  cannot  be  used  in 
the  arts,  and  which  must  be  distilled  in  order  to  extract  the  zinc  in  a  pure 
state.  This  alloy  is  formed  of  concentric  mammiform  layers,  with  a  shining 
crystalline  texture.  It  is  very  brittle,  veiy  hard,  and  less  fusible  than  pure 
zinc ;  it  dissolves  easily  in  weak  nitric  acid,  and  leaves  a  micaceous  metalloid 
residue,  which  proves  it  to  be  black-lead — arising,  no  doubt,  from  the  portion  of 
cast-iron  dissolved  by  the  zinc.  Two  ferric  alloys,  one  from  the  great  works 
at  liege,  belongiag  to  Messrs.  Mosselman,  the  other  from  the  works  near 
Gisors,  were  analysed  by  M.  Berthier : — 
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These  alloys  remain  attached  to  the  bottom  of  the  pans,  and  do  not  dissolye 
in  the  remains  of  the  zinc ;  but  as  he  has  never  found  any  alloy  containing 
more  than  0*05  of  iron,  although  the  corrosion  of  the  pans  continues  in- 
definitely, it  is  obyious  that  when  Hkn  aUoy  has  arrived  at  a  certain  degree 
of  saturation,  it  transmits  a  portion  of  the  iron  which  it  contains,  to  the 
upper  layers  of  zinc,  by  cementation,  and  that  the  portion  it  thus  aoandons 
IB  again  replaced  from  tiie  sides  of  the  pans. 

By  gradually  heating  the  ferruginous  alloy  produced  in  the  zinc  works, 
together  with  black  flux  in  covered  cntdbleB,  any  amount  of  zinc  may  be 
separated  by  volatilization,  and  any  required  alloy  of  iron  and  zinc  obtained. 
But  a  powerful  white  heat  completely  separates  the  two  metals,  without  the 
zinc  vapours  carrying  with  them  any  of  the  iron,  or  the  iron  retaining  the 
smallest  trace  of  zinc.  The  pig-iron  which  is  produced  from  calaminiferoua 
ores  has  never  presented,  according  to  M.  Berthier,  the  least  trace  of  zinc. 

M.  Earsten  has  specially  directed  his  attention  to  the  action  which  iron 
and  zinc  reciprocally  exercise  on  each  other.  According  to  this  learned 
metallurgist,  it  is  not  to  be  doubted  that  zinc  combines  with  a  small  quantity 
of  iron ;  we  scarcely  can  find  any,  he  says,  which  is  entirely  free  of  this 
latter  metal,  even  when  taken  from  calamine  treated  in  a  distilling  apparatus. 
The  presence  of  the  iron  renders  it  harder  and  more  brittle.  Zinc  melted 
in  a  furnace  at  a  high  temperature  and  slowly  cooled,  absorbs  sometimes 
from  two  to  three  per  cent,  of  iron  (a  proportion,  it  should  be  remarked, 
which  does  not  agree  to  M.  Berthier^s  maximum  of  i)*05  of  iron),  which 
renders  it  so  hard  that  it  may  be  pulverized.  Pare  iron  cannot,  according  to 
M.  Earsten,  reduce  the  oxides  of  zinc,  and  by  using  pig-iron  the  iron  is  partly 
refined.  The  reduced  zinc  escapes  in  vapours,  and  the  princqwl  portion  of 
its  oxide  unites  with  that  of  iron,  forming  bluish-black  scoriae. 

To  form  an  accurate  opinion  of  the  influence  of  zinc  on  iron,  M.  Ears- 
ten  made  some  exjiNsriments  on  a  large  scale  at  a  forge  in  Konigshiitte  (Silesia) , 
in  a  blast-fiimace  fed  with  coke.  He  smelted  thirty-two  hundredweight  of 
calamine,  containing  16  per  cent,  of  zinc  and  81  per  cent,  of  iron,  and  which, 
consequently,  were  too  poor  to  be  treated  for  zinc.  M.  Karsten  did  not  add 
to  this  iron  ore  any  flux  or  charge.  The  vapour  firom  the  furnace  issued  in 
torrents ;  a  bluish-green  flame  rose  from  twelve  to  fifteen  feet  above  the 
jpening ;  the  mouth  of  the  tuyere  was  constantly  covered  by  a  crust  of  indu- 
rated substance ;  but  by  diminishing  the  charge,  the  heat  was  raised  to  such 
a  degree  that  the  slags  (of  a  deep  blue  colour)  acquired  a  stone>like  fracture. 
The  iron  issued  from  the  crucible  impetuously,  and  at  first  presented  the 
appearance  of  the  best  gray  pigiron ;  but  it  was  very  red,  and  cooled  so 
lapidfy  that  it  flowed  with  difficulty  into  the  pig-bed.  On  cooling,  the  upper 
suHkoe  was  found  covered  by  a  tolerably  thick  crust  indicating  considerable 
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oxidation.  Its  fracture  was  granular,  brilliant,  and  like  that  of  gray  pig-iroa. 
Taken  as  a  whole,  it  was  soft,  capable  of  bearing  the  hammer,  without  being, 
however,  very  tenadouB.  It  might  easily  b^  divided  into  small  fragments,  a 
proof  of  the  small  tenacity  existing  in  the  granular  structure.  In  running, 
it  gave  out  neither  flame  nor  odour. 

The  general  working  of  the  furnace  was  in  no  way  deranged  at  first  bj 
the  presence  of  the  zinc ;  but  two  days  after  the  experiments  had  been  con- 
cluded, a  large  quantity  of  vapour  was  seen  escaping  from  the  month  and 
from  the  anterior  crucible ;  and  the  flame,  particularly  at  the  tymp,  presented 
the  brilliancy  of  that  of  zinc  in  the  act  of  combustion.  Yeiy  soon,  and  with- 
out any  change  in  the  charge,  the  fiimace  became,  to  a  great  extent,  cooled; 
the  iron  white  and  rough,  the  slags  black  and  porous,  and  the  mouth  of  the 
tuyere  was  covered  with  indiirated  substances.  This  lasted  five  days,  and 
endangered  the  safety  of  the  furnace. 

The  iron  obtained  in  these  experiments  was  refined  in  the  iorges  at 
Kreutzbourg.  It  fused  and  preserved  all  its  characters.  Ked  and  remark- 
ably liquid  scoria  formed  in  large  quantities ;  the  flame  which  rose  from 
the  mass  was  white,  brilliant,  and  occasionally  of  a  bluish  or  yellowish  colour. 
After  fusion  had  been  effected,  pains  were  taken  to  aUow  the  scoria  to  congeal 
over  the  liquid  metal.  Small  jets  of  bluish-yellow  flame  were  then  seen  to 
traverse  the  surface  with  a  slight  murmuiing  noise.  The  conversion  of  the 
crude  iron  into  malleable  iron  was  so  rapid,  that  the  mass  could  only  be 
turned  once.  A  very  small  quantity  of  soft  scozia  was  found,  and  the  iron  con> 
tained  in  the  crucible  was  so  dry  that  it  was  necessaiy  to  throw  into  it  a 
large  mass  of  slag,  a  circumstance  quite  different  to  the  manner  in  which 
coke-smelted  castiron  is  found  to  act  in  the  refinery. 

The  refining  operation  perfectly  succeeded.  The  iron  was  soft;  it  might 
have  been  cut  with  a  hammer  if  the  iron  had  not  been  at  the  same  time  of 
•xtieme  tenacity ;  and  finally,  it  was  neither  hot-short  nor  brittle  when  odd. 
A  very  small  trace  of  zinc  was  found  at  the  bottom ;  but  the  ductile  iron 
contained  none. 

The  preceding  observations  suffice  to  dissipate  all  apprehensions  about 
any  injury  arisLog  from  the  presence  of  zinc  in  ores.  But  that  there  might 
be  no  doubt  left,  M.  Karsten  made  some  refinery  experiments  by  adding  to 
native  iron  a  certain  quantity  of  zinc,  either  in  the  metallic  state  or  as  an 
oxide.  The  iron  thus  obtained  was  of  an  excellent  quality,  but  on  analysis 
no  trace  of  zinc  could  be  found.  M.  Binmann  also  is  of  the  opinion  that  zinc 
ought  to  excite  no  apprehensions  in  ironmasters. 

M.  Hassenfratz,  in  his  experiments,  obtained  results  somewhat  different. 
The  iron  was  readily  forged,  but  it  was  somewhat  red-short  and  brittle  when 
cold.  However  this  may  be,  M.  Karsten  was  not  led  by  his  experiments  to 
attribute  to  zinc  any  injurious  action  upon  iron.  The  disturbance  of  the 
furnace  appeared  to  him  only  the  effect  of  the  extensive  evaporation,  and  of 
the  cooling  which  that  must  necessarily'produce. 

Ixoa  and  ^'««****«t* — ^Iron  combines  with  aluminum,  and,  according 
to  M.  Karsten,  more  intimately  than  with  silidum.    Messrs.  Faraday  and 
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Stodart  obtained  an  alloy  of  iron  containing  0*064  of  aluminmn  and  some 
ourbon,  by  keeping  under  fusion  daiing  a  very  considerable  time  a  mixture 
of  highly  carburetted  steel  with  alumina.  This  alloy  was  white,  very  brittle, 
with  a  granular  texture.  Alumina  seems  to  be  more  injurious  to  the  quality 
of  iron  than  silieium<  The  experiments  made  by  M.  Karsten  in  reference 
to  the  refinery  operations  in  Upper  Silesia,  showed  that  the  addition  of  clay 
produced  iron  of  a  more  than  ordinarily  brittle  quality. 

The  mischieyous  influence  attributed  by  M.  Karsten  to  aluminum  does 
iu>t  appear,  however,  to  be  coxroborated  by  the  experiments  of  Messrs.  Fara- 
day and  Stodart,  who  concluded  that  aluminum  in  small  quantities  does  not 
impair  the  qualify  of  iron,  and  that  it  appears  considerably  to  improve  that 
of  steel.  This  statement  induced  M.  Karsten  to  repeat  his  experiments  :  he 
added  clay  to  cast  iron  during  the  refinery,  and  repeated  his  experiment  on  a 
larger  scale  three  times.  The  large  quantity  of  silicate  of  iron  formed  on  tlie 
hearth  in  consequence  of  this  addkion,  delayed  the  operation ;  but  the  quality 
of  the  product  did  not  appear  to  be  sensibly  altered. 

The  analysis  of  the  iron  thus  produced  showed  no  trace  of  aluminum  in 
the  metal.  The  other  samples  of  wrought-iron,  steel,  or  cast-iron  analyzed 
by  M.  Karsten,  presented  traces  of  aluminum  so  slight  as  not  to  admit  of  being 
estimated ;  but  the  largest  amount  was  always  found  in  iron  which  was  brittle 
when  cold.  M.  Karsten  hence  maintains  Ms  opinion  that  aluminum  does 
exercise  an  injurious  influence  on  the  tenacity  of  iron.  Messrs.  Stodart 
and  Faraday  insist,  on  the  other  hand,  that  stool  and  forged  iron  do  not  act 
hi  the  same  manner  in  their  combinations  with  other  metals.  This  must  be 
admitted  to  be  true ;  and  it  may  happen  that  a  small  proportion  of  aluminum, 
which  may  be  too  trifling  to  afiiect  the  quality  of  steel,  may  deteriorate  that 
of  iron. 

The  forges  of  Alt-inte];-llnd,  near  Fichtelberg  in  Bavaria,  are  accustomed 
to  refine  the  cast-iron  made  in  the  blastfurnace  of  Konigshiitte,  near  Arzberg, 
on  the  frontiers  of  Bohemia.  This  iron  is  partially  gray  and  pariiaUy  speckle- 
ooloured.  It  is  obtained  by  treating  a  mixture  of  micaceous  oligistic  iron  and 
brown  hematite.  In  smelting  these  ores,  clay  is  used  as  a  flux ;  which  fact, 
according  to  M.  Huber,  renders  it  probable  that  the  cast-iron  of  Konigs- 
hiitte contains  both  aluminum  and  silicium,  a  conjunction  which  he  thinks 
lids  the  refinery  operation.  This  cast-iron  has  always  yielded  ductile  iron, 
peculiarly  fit  for  the  fabrication  of  sheet-iron. 

But  it  remains  to  be  seen  if  a  careful  analysis  of  the  iron  would  reveal 
mare  aluminum  than  M.  Karsten  found  in  the  specimens  examined  by  Mm. 
Dr.  Schafhautel  and  M.  Bohm  of  Munich,  have  introduced  clay  into  a  com- 
position which  they  propose  for  the  purpose  of  improving  and  softening 
east-xran  in  the  refinery  operation.  In  a  patent  which  the  former  gentle- 
man took  out  in  London  (May  18,  1885)  for  his  method,  he  describes  it  as 
follows : — ^To  produce  maQeable  iron,  we  take  1}  lb.  (857  grammes)  of  black 
oxide  of  manganese,  8}  lbs.  (1  k.  886)  of  muriate  of  soda,  and  10  oz.  (806 
grammes)  of  potter's  clay.  These  substances  should  be  of  a  pure  quality, 
perfectly  dry,  and  free  from  all  heterogeneous  intermixture ;  they  aro  reduced 
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into  a  fine  powder,  and  well  mixed.  In  a  puddling  fomace,  800  lbs.  of  iron 
in  small  pigs  is  treated  with  the  cnstomaiy  qnantity  of  slag.  When  the 
mass  is  in  fusion,  the  register  of  the  chimney  is  lowered,  until  the  flame,  in  its 
passage  over  the  hearth,  is  both  clear  and  transparent,  so  that  the  metal  maj 
be  seen  during  the  whole  of  the  operation.  If  the  flame  takes  a  doll  yellow 
colour,  the  onflce  in  the  door  of  the  hearth  should  be  opened  in  order  to 
increase  the  draught.  Three  or  four  minutes  after  the  mass  is  in  perfect 
fusion,  which  will  depend  on  the  greater  or  less  draught  of  the  furnace, 
the  metal  assumes  a  pasty  consistence ;  and  the  mixture  above-mentioned, 
which  ought  to  haye  been  kept  hot  and  dry  near  the  furnace,  is  then  added. 
It  is  to  be  divided  into  twelve  parts,  each  weighing  half  a  pound,  and  intro- 
duced into  the  furnace  at  interrals  of  a  minute  or  two  by  means  of  a  small 
cylindrical  shovel,  holding  about  half  a  pound.  As  soon  as  the  first  portion 
is  tlirown  upon  the  metal,  it  must  be  incorporated  with  it  as  soon  ae  possible 
by  the  help  of  a  large  poker ;  the  mass  then  becomes  more  liquid,  and  pale 
yellow  flames  proceed  from  its  surface :  two  minutes  later  the  next  portion  is 
thrown  in,  and  so  on  with  the  rest.  After  the  third  or  fourth  addition,  the 
mass  bubbles  up  in  consequence  of  the  disengagement  of  the  gas.  As  thie 
is  tlie  instant  when  the  iron  is  separated  from  its  impurities,  extreme  care 
must  be  exercised.  The  surest  means  of  detexmining  the  time  for  the  intro- 
duction of  these  substances  is  by  observing  if  the  height  of  the  flame  di- 
minishes ;  for  this  decrease  announces  that  the  effect  of  the  preceding  pertioii 
is  exhausted,  and  that  another  should  be  added.  In  every  case,  care  must 
be  taken  that  the  mass  does  not  become  too  consistent,  which  is  prevented 
by  adding  more  of  the  powder ;  but  the  character  which  most  certainly  indi- 
cates that  the  operation  is  accomplished,  is  the  blue  colour  of  the  flame. 
To  obtain  hard  iron  fit  for  steel,  three  or  four  shovelfuls  of  the  sphntere 
and  waste  iron  left  by  the  flattening  machines,  and  three  shovelfuls  of  slag, 
are  used ;  but  in  this  case  only  half  the  manganese  before  recommended  is 
necessary. 

M.  Elie  de  Beaumont  saw  this  process  in  use  in  several  establish* 
ments  in  Gennany.  By  some  it  is  very  highly  spoken  of;  by  others  the 
results  were  said  to  have  been  far  from  satisfactory.  It  has  also  been  tried 
in  some  French  foiiges,  but  with  no  decisive  result.  According  to  Dr. 
Thompson,  a  globule  of  iron,  melted  by  galvanism  in  contact  with  moistened 
alumina,  forms  an  alloy  wiUi  aluminum.  The  alloy  efiervesoes  slightly  under 
water,  becoming  covered  with  a  white  powder. 

bon  and  Aatlmoiiy. — The  union  of  iron  and  antimony  is  readily  effected 
by  fusion,  and  it  would  seem  that  it  may  take  place  in  all  proportions.  These 
two  metals  have  a  great  aflinity  for  each  other.  Their  alloys  are  much  more 
fusible  than  iron,  and  are  white,  hard,  and  very  brittie.  Their  specific  gravity 
is  less  than  the  mean  of  that  of  the  two  metals.  According  to  Dr.  Thomp* 
son,  this  alloy  may  be  obtained  by  fusing  in  a  crucible  two  parts  of  sulphuret 
of  antimony  and  one  of  iron.  This  alloy  was  formerly  called  regulu$  mar- 
tialis.  It  is  still  used  in  medicine  for  the  preparation  called  '*  Mars'  safion/* 
the  "  aperient  antimony"  of  Stahl. 
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The  magnetic  character  of  iron  is  much  more  diminiBhed  by  its  alloy 
with  antimony  than  almost  any  of  the  other  metals.  The  iron  is  also  ren* 
dered  more  hard,  much  more  fusible,  and  brittle  like  cast-iron.  Antimony,  in 
uniting  with  iron,  becomes  harder  and  less  fdsible.  M.  Karsten  made  some 
experiments  on  this  sabject  in  the  Ereutzbonrg  forges  in  Upper  Silesia.  He 
added  to  the  cast-iron,  after  its  liqnefiiction,  one  per  cent,  of  antimony. 
Notwithstanding  its  volatility,  this  metal  exercised  on  iron  a  worse  influence 
than  even  tin.  The  iron  became  very  brittle  at  all  temperatures.  These 
results  agree  with  those  of  M.  Hassenfratz.  In  analyzing  this  iron,  twenty* 
three  per  cent,  of  antimony  was  found. 

M.  Karsten  received  from  another  Silesian  establishment,  specimens  of 
iron  very  brittle  when  cold,  which  quality  was  attributed  to  the  presence  of 
antimony.  By  analysis,  he  did  not  obtain  more  than  0*114  of  antimony, 
together  with  a  trace  of  sulphur,  and  0'88  per  cent,  of  phosphorus.  The 
brittleness  of  the  iron,  in  his  opinion,  was  attributable  solely  to  this  small 
quantity  of  antimony. 

By  heating  antimony  in  excess  with  iron  at  a  high  temperature,  a  fusible 
•Hoy  is  fonned,  containing,  according  to  M.  Dumas,  one  atom  of  antimony 
and  one  of  iron,  or  seventy  parts-  of  antimony  and  thirty  of  iron.  This 
alky  is  very  hard,  white,  and  feebly  magnetic.  When  the  quantity  of  iron 
is  increased,  the  alloy  becomes  still  harder,  presenting  also  the  singular  cha- 
racter of  giving  out  spa^s  when  briskly  filed.  Beaumur,  who  was  the  first 
to  discover  this  remarkable  fistct,  produced  his  alloy  with  two  parts  of  iron  and 
one  of  antimony.  According  to  M.  Berthier,  the  antimonide  contaming  0*705 
of  antimony,  or  one  atom  of  antimony,  for  one  atom  of  iron,  cannot  be  decom- 
posed by  tiie  most  intense  heat ;  but  the  antimonides  which  contain  a  larger 
proportion  of  antimony,  ara  reduced  by  a  high  temperature  to  one  atom  of 
antimony  for  one  atom  of  iron. 

M.  Herv6  made  some  experiments  in  1827  with  regard  to  the  union  of 
iron  and  antimony,  of  which  the  following  is  an  abstract: — ^To  try  if  antimony 
posaeased  the  qimlity  of  effecting,  like  tin,  the  ftuion  of  wroughtiron,  he 
exposed  it,  with  about  twenty  per  cent  of  antimony,  to  a  high  temperature  in 
a  covered  crucible.  Bnt  the  iron  was  not  melted,  although  it  certainly  would 
have  been  melted  with  the  same  quantity  of  tin  under  the  same  circum- 
Btances.  It  would  seem,  however,  that  a  certain  portion  of  the  antimony 
must  have  united  with  the  iron,  for  on  taking  the  metal  out  of  the  orucible, 
it  gave  off  white  vapours,  arising  firom  the  volatilisation  of  antimony.  The 
malleability  of  the  iron  did  not  appear  to  suffer  much  firom  this  operation. 
He  then  made  three  attempts  to  alloy,  by  fusion,  cast-iron  with  antimony  in 
the  foUowing  proportions  :— 

100  parts  of  cast  iron  and  1  part  of  antimony 
100         „         „         and  2        „        „ 
100         „         „         and  8        „        „ 

The  antimony  was  not  added  to  the  iron  until  alter  the  latter  was  ahready 
in  a  state  of  fusion  in  the  crucible.    They  were  melted  in  separate  bars. 
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l8t  Bur. — ^Fracture  uneven,  stiiatdd,  lamellar;  a  oonfosed,  diTergent 
crystallization;  grayish-white;  tolerahly  bright.  Under  the  file, steel-gray 
and  bright;  nnder  the  grinding-stone,  iron-gray  and  bright 

2nd  Bar.— Fracture  uneven,  striated,  lamellar;  a  ooofiued,  divergent 
crystallization ;  grayish-white,  but  of  little  lustre.  Under  the  file,  grayish* 
white,  and  not  bright ;  nnder  the  grinding-stone,  iron-gray  and  shining.  This 
bar  was  very  hard  and  brittle ;  when  allowed  to  fall  on  some  stone  steps, 
it  broke  in  two,  although  it  measured  17  square  millimetres  (about  six 
inches). 

3rd  Bar. — Fracture  uneven,  lamellar ;  confused,  divergent  crystallisatioii ; 
grayish-white.  Under  the  file,  grayish-white,  brillisnt ;  under  the  grinding- 
stone,  a  little  darker  than  under  the  file,  brilliant.  This  bar,  which  had  tiie 
same  dimensions  as  the  preceding  one,  broke  also  on  foiling  hom  a  hei^t  of 
three  feet  on  stone  steps. 

It  seems  to  result  firam  these  operations,  that  antimony  is  not  entirely 
volatilized  when  projected  into  cast-iron  in  a  state  of  fusion ;  but  that  a  por- 
tion remains  combined  with  the  iron  in  consequence  of  its  affinity  fiir  this 
metal,  and  also  that  antimony  exerdses  a  very  considerable  influflnce  on  the 
erystallization  of  iron  during  the  process  of  cooling.  We  see,  in  fact,  tiiat 
the  proportion  of  one  part  of  antimony  to  a  hundred  parts  of  iron,  is  suift- 
eient  to  alter  the  firactnre  of  cast-iron ;  and  that  it  remains  the  same  until  the 
antimony  reaches  five  per  cent.,  and  then  the  fracture  resembles  that  of  zino. 

bon  and  SilT«r. — ^There  does  not  seem  to  be  any  question  that  these 
metals  combine ;  but  the  observations  of  diemits  with  regard  to  their  alloy, 
are  not  altogether  concordant.  M.  Berthier  and  AC  Thenard  consider  that 
the  alloy  cannot  be  produced;  but  that  iron  heated  with  silver  retains  a 
eertain  quantity  of  this  metal.  M.  Berzelius  states  that  these  metals  com- 
bine readOy  when  melted  together,  and  that  they  cannot  be  separated  by 
eupeUatlon  with  lead,  but  only  by  means  of  adds  or  by  fusion  with  borax  or 
^tre. 

Wallerius  states  that  iron  combines  with  silver  by  ftision,  and  that  the 
alloy,  consisting  of  equal  parts  of  iron  and  silver,  has  the  colour  oi  silver, 
considerable  ductility,  greater  hardness  and  less  elasticity  than  silvw.  This 
alloy  is  attracted  by  the  magnet. 

Binmann  states  that  silver  may  be  combined  with  one-fifth  of  iron,  with- 
out losing  its  tenacity  and  malleability,  but  becoming  much  harder.  This 
alloy  is  stated  to  be  applicable  to  the  manufacture  of  buckles>  fruit- 
knives,  &c.    Maoquer  and  Leonhardi  obtained  a  similar  alloy. 

Coulomb  states  that  silver  cannot  retain  more  than  1-I60th8  of  iitm; 
and  Guyton  Morveau  states  that  iron  cannot  retain  more  than  one- 
eightieth  of  silver,  which  is  said  to  communicate  to  it  remarkable  hardness, 
and  a  very  fine  texture. 

Earsten  found  that  by  the  addition  of  fifteen  i>er  cent,  of  fine  silver  to  iron 
during  the  refinery  operation,  the  quality  of  the  iron  was  sensibly  deteriorated : 
it  did  not  forge  well,  became  scaly,  the  bars  presented  cracks  at  the  edges, 
and  otherwise  resembled  hot-short  iron.    Analyses  showed  that  it  oontained 
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0'034  per  cent  of  silver.  It  would  appear,  therefore>  that  ailTer  has  the  same 
inflnenoe  aa  sulphiir  apon  iron,  although  in  a  less  marked  degree. 

bon  and  Anaaia*— ^Theae  metals  may  be  oombined  by  fdaion  in  any 
proporti0n.  When  the  amount  of  arsenic  is  large,  the  magnetio  character  of 
the  iron  disappears.  The  alloy  of  these  metals  is  more  or  lees  white,  hard, 
bzittle,  and  fusible,  tuooordkag  to  the  amount  of  arsenic.  It  is  crystallisable, 
ita  fracture  more  dense,  and  the  texture  doaer  than  that  of  iA>n ;  according 
to  Achard,  similar  to  that  of  steel. 

M.  Cadet  asserts  that  this  alloy  will  receive  a  brilliant  polish,  and  that 
surticles  (tf  jewellery  are  mada  from  it  Benselius  says  that  100  parts  of  iron- 
filings  heated  to  redness,  in  a  matrass  with  200  parts  of  arsenic,  retain 
1116  of  arsenic  without  meUing.  M.  Thenazd  says  that  an  alloy'  formed  of 
I  part  of  axsenio  and  2  parts  of  iron,  is  of  a  grayish-white  colour,  without  any 
action  on  the  magnetic  needle ;  very  brittle ;  considerably  more  fusible  than 
mm ;  it  absorbs  oxygen  gas  from  the  air  by  the  aid  of  heat,  and  becomes 
eonverted  into  Tolatile  oxide  of  arsenic  and  fixed  oxide  of  iron. 

This  alloy  is  obtained  by  heating  iron- filings  with  a  little  more  than  half 
ita  weif^t  of  powdered  arsenic  in  a  covered  crucible.  According  to  M. 
Berthier,  a  true  arsenide  cannot  be  obtained  by  sunply  heating  iron  with 
anwnio ;  the  greater  part  of  the  arsenic  volatilizes  before  the  combination  can 
take  place.  No  better  result.is  obtained  with  a  mixture  of  arsenious  acid  and 
charcoal ;  but  by  gradually  heating  to  whiteness  100  parts  of  powdered 
smithy  scales,  50  of  arsenious  add,  50  of  carbonate  of  soda,  and  20  of  starch, 
the  arsenide  is  obtained ;  and  when  melted  a  second  time  with  arsenious  add, 
carbcmate  of  soda,  and  starch,  absorbs  25  of  arsenic.  Finally,  by  heating  the 
arsenide  a  third  time  with  the  same  mixture,  it  still  absorbs  15  of  arsenic;  it 
is  then  saturated,  and  it  contains  a  little  more  than  one  atom  of  arsenic  to 
two  of  iron*  This  arsenide  is  slightly  yeeicular,  granular,  and  easily 
pulverized. 

According  to  M.  Berthier,  the  arsenide  of  iron  saturated  with  arsenic  is 
oomposedof-— 

Iron     ....    0-69    ....     100 
Arsenic    .    .    .    0*41    ....      69-89 

It  is  of  an  iron-gray  colour ;  very  brittle,  with  a  lamellar  fracture,  presenting 
large  and  very  shining  scales ;  it  is  not  magnetic,  and  is  ^veiy  frisible.  When 
roasted  it  becomes  converted  into  a  sub^urseniate  of  peroxide  of  iron,  and 
disengages  arsenious  add.  It  is  not  acted  upon  by  sulphuric  or  muriatic 
adds ;  is  easily  dissolved  by  nitric  add,  and  nitro-hydrochloric  add,  which 
conyeits  it  into  arsenate  of  peroxide. 

According  to  the  experiments  of  Bergmann,  small  quantities  of  arsenic  do 
not  render  iron  either  hot-short  or  cold-short.  Berzelius,  however,  is  not  of 
this  opinion :  he  thinks  a  very' small  quantity  will  make  iron  brittle  when 
cold.  M.  Berthier  states,  also,  that  a  very  small  quantify  of  arsenic  suffices 
to  affect  the  malleability  of  iron,  and  renders  it  brittle  when  cold.  According 
to  the  experimeoti  of  M.  Hassenfratz,  this  alloy  may  be  forged  extremely 
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wall,  but  it  cannot  be  welded :  it  gare  out  an  odour  of  garlic  while  being 
hammered,  and  appeared  generally  rather  hot-ahort  than  ooLd-shon. 

In  the  experiments  of  M.  Kanten,  it  was  found  that  a  little  araenio,  added 
to  iron  during  the  refinery,  letarda  the  operation  to  snch  a  degree,  that  it 
occupies  two  or  three  tunes  as  long  to  effdot  it  A  great  quantity  of  oorroaive 
scoria,  with  a  strong  affinity  to  the  iron,  is  produced,  which  occasions  a  con- 
siderable loss ;  so  considerable,  indeed,  that  were  tiie  experiments  continued 
with  larger  proportions  of  arsenic,  they  would  canse  the  oxidatian  of  the 
whole  mass. 

The  iron  was  considerably  harder,  pxeeented  a  steel-like  eharaoter  when 
forged,  was  without  crack  or  flaw,  and  not  hot^ort,  but  its  strengtili  was 
dixnimshed.  Analysis  did  not  indicate  a  trace  of  arsoiio.  M.  Earsten  adds, 
that  the  iron  is  dissolved  very  slowly  by  adds ;  a  finet  which,  in  his  opinion, 
indicates  a  change  in  the  quality  of  the  iron. 

M.  Lampadius  obserres  that  at  the  forges  at  Breitenhof,  in  Saxony,  a 
▼ery  rich  red  oxide  ore  was  found  to  yield  iron  so  hot-short,  th&t  it  could  not 
be  worked ;  and  the  pig-iron  was  found  to  contain  8*5  per  cent  of  arsenic. 
Wohler  found  arsenic  in  four  specimens  of  pig-iron  from  difEerent  fiimaces; 
and  Schaf  hiiutel  states,  that  eren  the  best  Swedish  bar-iron  contains  arsenic, 
the  Low  Moor  iron  still  more.  It  is  said,  that  in  forging  English  cast«teel 
the  odour  of  arsenic  is  frequently  recognizable.  Opinion  is  much  divided  as 
to  the  influence  of  arsenic  upon  the  quality  of  cast-iron ;  generally  it  is  said 
to  render  it  more  brittle  and  fusible. 

When  Algiers  became  a  French  colony,  there  was  fonnd  among  the  ma- 
terials contained  in  the  arsenals  of  Casanba  a  quantity  of  bombs  and  cannon- 
balls  that  could  not  be  employed  as  they  then  stood ;  they  were,  therefore, 
imported  into  France,  to  be  melted  and  cast  into  projectiles  of  other  cahhre ; 
but  it  was  soon  discovered  that  nothing  could  be  done  with  them,  the  quality 
of  the  iron  being  so  bad.  M.  Berthier  was  commissioned  to  examine  separ 
rately  the  bombs  and  balls  to  ascertain  their  nature.  The  iron  of  the  bombs 
was  grayish- white,  very  brittle,  and  was  easily  reduced  to  a  flue  powder.  Its 
specific  gravity  was  found  to  be  7586.  The  iron  of  the  balls  was  stfll  more 
brittle  than  that  of  the  bombs ;  with  a  little  care  it  was  easy  to  break  them 
across,  and  then  it  was  observed  that  they  presented  a  fracture  with  rays 
springing  from  the  centre  and  ending  at  the  ciroumiBrence.  These  balls  were 
craggy  and  pitted  at  the  surface,  and  nearly  always  cavernous.  The  density 
of  one  fragment  was  found  to  be  7*65. 

This  cast-iron,  according  to  an  analysis  by  M.  Berthier,  contained  the  fol- 
lowing proportions  of  arsenic  and  carbon : — 


Bombs. 

Balla. 

Arsenic     . 

.     .    0098    . 

.    0-270 

Carbon 

.     .    0015    . 

.     0010 

0113  0-280 

It  cotttained  neither  sulphur,  manganese,  copper,  nor  siliminn. 
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In  Bedfotd  County,  BeniugrlYasia,  ainsenietted  natLye  iron  is  found  com- 
posed of 

Iron    •    .    •    .    0-0744  \ 
Anenie    .    .    .    00156 [o'0940 
Hiunbago    .    •    0'0040J 

and  containing  neither  solphnr  nor  nickeL 

This  mineral  is  ciystalliae  and  composed  of  small  rhomboidal  prisms ;  its 
colour  is  between  stiver-white  and  steel-gray.  It  cannot  easily  be  broken, 
and  may  be  flattened  like  wrought-iron ;  the  fractore  is  craggy ;  the  metal  is 
as  hard  as  steel ;  its  specific  gravily  is  7*837 ;  it  is  very  magnetic  and  polar. 

The  arsenide  of  iron  is  found  yezy  frequently  at  Beichenstein,  in  Silesia, 
in  a  serpentine  rock,  and  is  worked  for  the  arsenic.  The  crystals  are  of  the 
prismatic  system.  Elaproth  discovered  in  it  0*38  of  iron  and  0*62  of  arsenic ; 
but  the  results  obtained  by  two  other  chemists  are  as  follow : — 


M.  Earaten. 

M.  Hoffinan. 

Iron      .    . 

.    .    0-324    . 

.     .     0-281 

Arsenic 

.     .     0659     . 

.     .     0-660 

Sulphur    . 

.     .     0017    . 

.     .     0020 

Gangue 

.     .     0000     . 

.     .     0022 

1-000  0-988 

M.  Earsten  says  that  it  contains  magnetic  pyrites,  which  can  be  separated 
by  means  of  the  magnet  In  this  case  the  mineral  would  consist  of  2  atoms 
of  iron  and  8  atoms  of  arsenic ;  but  M.  Hoffinan  concludes  from  his  analysis 
that  the  ore  of  Bdchenstein  is  arsenide  FeAs',  mixed  with  0*0526  of  common 
pyrites. 

Another  natural  combination  of  iron  and  arsenic  is  "  mispickel,"  or  the 
arsenio-Bulphuret  of  iron.  This  ore  is  of  a  grayish>white  colour,  metallic,  with 
a  granular  fracture.  Its  primitive  form  is  a  right  rhomboidal  prism ;  its 
specific  gravity  56.  When  heated  alone  in  a  closed  tube  by  the  blowpipe, 
it  yielded  at  first  a  red  sulphide  of  arsenic,  then  a  black  sublimate,  and  finally 
metallic  arsenic.  The  residue  appeared  to  be  magnetic  pyrites.  Heated  on 
charcoal  by  the  blowpipe-flame  it  gives  off  a  thick  vapour  of  arsenic,  and 
melts  into  a  globule  presenting  the  appearance  of  magnetic  pyrites.  It  is  not 
dissolved  by  muriatic  add.    It  contains,  according  to  M.  Berthier : — 

Iron      ....    0-335  \ 
Arsenio     .    .    .    0-4651 1000 
Sulphur    .    .    .    0-200J 

Its  formula  is  FeAs'  +  FeSs. 


L. — ^These  two  metals  appear  to  combine,  but  chemists 
are  by  no  means  agreed  on  this  point.  Berzelius  and  Thenard  say  that  bis- 
math  combines  wi^  difficulty  with  iron;  and  that  a  small  portion  of  iron 
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Boffiees  to  render  bismuth  mAgnetic.  Brand,  Henkel,  and  Qelleit  record 
haying  obtained  a  compound  of  from  two  to  three  parts  of  bismuth  witJi  mm 
part  of  iron;  but  Baume  denies  that  this  4»n  be  done.  Binmann  did  not 
succeed  in  producing  this  compound.  .The  bismuth  and  the  iron  that  he 
melted  together,  appeared  at  first  eniirelj  mixed,  but  separated  immediately 
afterwards.  M.  Karsten  endeavoured  to  ascertain  the  influence  of  bismuth 
upon  iron.  'With  this  object  he  made  several  refinery  expeiiments,  in  which 
he  added  one  per  cent,  of  bismuth.  It  was  necessary  to  stir  tiie  mass  oftener 
than  usual;  but  the  iron  produced  was  very  good,  and  the  ban  had  the  usual 
strength.  Therefore  the  bismuth  did  not  produce  any  unfiivourable  eflfeetk 
except  that  of  retarding  the  refinery.  This  iron  contained  0*081  per  cent,  of 
bismuth.  According  to  similar  experiments  made  by  Hassenfiratz,  iron  con- 
taining bismuth  is  easily  forged.  Yet,  after  the  process  of  tempering,  it 
was  found  to  be  hot-short  and  very  brittle  when  cold.  Cadet  states  that  the 
density  of  this  alloy  is  less  than  the  mean  of  the  two  metals. 

Iron  and  OalciwB. — These  metals  combine,  but,  as  it  would  appear,  not 
directly,  for  Berzelius  was  unable  to  produce  a  well-defined  alloy  by  fusing  a 
mixture  of  chalk,  pulverized  carbon,  and  iron-fiBngs. 

Mr.  Mushet  made  a  great  many  experiments  on  these  two  bodies  melted 
together  in  a  crucible.  The'regulus  was  always  brittle  and  hot«hort,  but  it 
was  not  ascertained  that  the  iron  contained  calcium.  M.  Kazsten  has  often 
found  calcium  in  cast-iron,  but  never  in  wrought-iron.  He  states  that  cal- 
cium behaves,  with  regard  to  iron,  very  much  like  the  alkaline  metals ;  and 
that,  Uke  them,  it  does  not  posseita  suBEbeient  fixity  to  enter  into  oombination 
with  iron.  Iron  decomposes  chalk  at  a  high  temperature,  althou^  the 
metals  by  no  means  evince  any  great  affinity  for  one  another. 

Baw  cast-iron  fused  with  unslaked  lime  ia  deprived  of  its  cazbon.  Some 
refinery  experiments  made  with  the  additions  of  pure  Carrara  marble,  have 
proved  that  the  tenacity  of  the  wrought-iron  had  been  increased ;  but  1£ 
Karsten's  analysis  showed  that  the  iron  did  not  contain  any  trace  of  calchmi, 
and  that  the  action  of  the  marble  had  been  limited  to  the  dimination  o£the 
quantity  of  phosphorus  ccmtained  in  the  metaL 

Other  experiments  of  a  similar  character,  in  which  a  oonsiderablB  quan- 
tity of  carbonate  of  lime  was  added  successively  during  the  oontinuanoe  ol 
the  experiment,  proved  that  the  iron  had  lost  a  portion  of  its  tenacity,  and  had 
become  less  easy  to  weld.  Nevertheless,  this  iron  was  neither  hotehort  nor 
brittle  when  cold,  but  it  was  traversed  by  longitudinal  eracks.  Analyiia 
showed  0'1774  per  cent,  of  calcium. 

There  is  a  kind  of  cast-iron  obtained  from  ores  requiring  a  large  addition 
of  lime,  in  which  we  find  some  traces  of  calcium.  This  earthy  metal,  how- 
ever, does  not  combine  with  iron,  according- to  M.  Karsten,  except  under  very 
rare  circumstances. 

Iron  and  Glurominni. — Chromium  has  a  very  great  affinity  for  iron,  and 
the  two  metals  fbrm  alloys  in  all  proportions.  Chromium  is  freqnentty  fiiet 
with  in  iron  made  from  chromiferouB  ores,  but  it  can  be  easily  separated  Itar 
the  most  pait  in  the  refinery.    Thus  the  presence  of  iron  greatly  fhdlitatoB. 
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the  reduction  of  the  oxide  of  chromiiim.  Berthier  states  that  the  combinations 
which  these  metals  form  together,  have  more  analogy  with  the  sulphides,  or 
the  phosphides,  &c.,  tha^  wit)^  the.aUoys.  He  fonnd  that  by  applying  a 
strong  heat  to  a  mixtuie  pf  oxide  of  chrominm  and  oxide  of  iron  oontaiaed  in 
a  cmcible  lined  with  charcoi^t  4iese  oxides, are  completely  reduced,  and  a  per- 
fectly homogeneous  combiiiation  of  the  two  jnetals  is  obtained. 

These  compounds  are  generally  hard,  brittle,  crystalline,  of  a  grayer 
white  than  iron,  and  of  very  considerable  lustre,  less  fdsible,  much  less  mag- 
netic, and  very  much  less  soluble  in  acids  than  iron ;  the  characters  are  the 
move  prominent  in  proportion  to  the  amount  of  chromium. 

The  alloy  composed  of— 

Iron      .    .    •    006*00        0'88        5  at. 
Chromium     •    551*83        017        1  „ 

)s  neariy  of  a  Bilyer-white,  with  a  fibrous  texture,  not  easily  yielding  to  the 
file,  and  very  brittle. 

An  alloy  containing  0*60  of  chromium  and  0'40  of  iron  was  obtained  by 
the  reduction  of  equal  parts  of  sesquioxide  of  iron  and  of  oxide  of  chromium, 
as  a  well-rounded  button,  with  numerous  cavities,  and  covered  with  long,  inter- 
laced, prismatic  crystals.  Its  fracture  presented  a  similar  cxystalline  texture. 
Its  colour  was  whiter  than  that  of  platina,  and  it  was  so  hard  that  it  cut  glass 
as  easily  as  a  diamond,  and  so  brittle  that  it  could  be  powdered  in  an  agate 
mortar :  this  powder  still  retained  a  metallic  lustre.  It  was  little  affected  by 
strong  adds,  or  even  by  boiling  with  nitro-hydrochloric  acid. 

M.  Merimee,  with  the  aid  of  a  very  intelligent  cutler,  tried  two  different 
alloys  prepared  by  M.  Berthier,  the  one  containing  0010  of  chromium,  the 
other  0*015.  Botii  forged  extremely  well;  the  former  indeed  appeared  more 
easy  to  forge  than  pure  cast-steel.  Blades  were  made  out  of  them  for  a  sword 
and  razor,  and  both  were  found  to  be  of  excellent  quality,  their  edges  being 
hard  and  lasting.  But  the  most  remarkable  characteristic  was  the  readiness 
with  which  this  alloy  received  a  beautifdl  damaskeening  when  rubbed  with 
sulphuric  add.  This  damaskeening  presented  an  agreeable  variety  of  veins 
of  a  very  brilliant  silver-white,  resembling  much  that  which  is  obtfdned  from 
steel  when  alloyed  with  silver.  The  white  parts,  according  to  M.  Berthier, 
«re  probably  pure  chromium,  upon  which  the  strongest  adds  have  scarcely 
any  action. 

If  the  alloy  of  iron  and  chromium  could  be  made  serviceable  in  the  arts,  it 
may  be  obtained  much  more  cheaply  by  substituting  chrome  iron  ore  for  tiie 
oxide  of  chrome,  which  would  be  too  dear.  Chrome  iron  is  very  abundant,  and 
is  found  in  a  great  number  of  localities.  To  obtain  from  this  ore  an  alloy 
very  rich  in  chromium,  it  must  be  melted  in  a  cmdble  lined  with  charcoal  or 
with  alkaline  glass ;  or,  still  better,  with  vitrified  borax,  with  the  proper  pro- 
portion of  lime  and  fiint :  but  to  extract  the  maximum  of  chromium,  a  certain 
quantity  of  oxide  of  iron  must  be  added  to  the  flux. 

In  the  neighbourhood  of  Philadelphia  and  other  localities  in  the  United 
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States,  thifl  ore  is  found  in  large  quantities,  and  ia  exported  thence  to  Europe. 

It  contains — 

Oxide  of  chromium 0'516 

Peroxide  of  iron 0*372 

AlnmiTinwi 0*097 

Silica 0029 

0-990 

According  to  M.  Karsten,  we  do  not  yet  know  the  influence  which  a  small 
quantity  of  chrome  exercises  upon  iron.  Hassenfiratz  found  that  iron  viiiich 
contained  but  a  small  quantity,  could  be  easily  foi^ged,  although  it  was  a  litUe 
red-short ;  but  it  was  not  brittle  when  cold.  ^Chromiferoos  ores  are  veiy  rare : 
yet,  according  to  M.  Karsten,  chromium  is  found  in  cast-iron  as  often  as  tita- 
nium, but  it  would  seem  to  be  separated  in  refining  the  iron. 

According  to  the  analyses  of  Vauquelin,  made  upon  red'«hort  iron  oon- 
taining  0*6  per  cent,  of  phosphorus  and  0'4  of  chromium,  it  seemed  credible 
that  the  iron  owed  its  bad  quality  to  the  latter  metaL  But  M.  Berthier*s  ex- 
periments, described  above,  throw  much  light  on  the  nature  of  the  compounda 
of  these  two  metals,  and  on  the  best  methods  for  obtaining  them  on  a  small 
scale. 

bon  and  Cobalt, — ^These  two  metals  combine  by  fusion;  and,  according 
to  the  experiments  of  Brande  and  Bergmann,  cobalt  combines  with  iron  in 
all  proportions,  particularly  when  cobalt  preponderates.  Cobalt,  indeed, 
generally  contains  some  iron,  from  which  it  is  very  difSusult  to  separate  it : 
and  the  alloy  is  said  to  be  very  hard,  and  to  be  as  ductile  as  iron.  Hence  it 
would  appear,  that  in  small  quantities  cobalt  cannot  be  ixgurious. 

Hassenfratz  confirms  in  many  particulars  the  results  obtained  by  other 
metallurgists.  His  experiments  show  that  iron  containing  cobalt  could  be 
both  forged  and  welded ;  and  although  a  littie  brittie  when  hot,  it  was  not  so 
when  cold.  M.  Garey  thinks,  however,  that  cobalt  makes  iron  brittie  when 
cold. 

According  to  Berzelius,  the  alloy  of  these  two  metals  is  hard  and  mag- 
netic ;  but  the  precise  influence  which  diflerent  proportions  of  cobalt  exer- 
cise upon  the  ductility  of  iron  is  not  known.  M.  Berthier  says  that  the 
alloys  of  these  two  metals  have  the  same  properties  as  pure  iron,  and  are 
whiter. 

bon  and  Goppez. — These  two  metals  appear  to  have  little  affinity  for 
one  another ;  at  all  events,  it  is  very  difficult  to  unite  them  together  direot^^ 
The  refractory  nature  of  iron  is  in  general  an  obstacle ;  and  by  melting  these 
two  metals  together,  we  often  find  the  iron  mechanically  united  in  the  form  of 
grains  with  the  copper.  Their  alloy,  according  to  Berzelius,  is  gray,  brittie 
when  cold,  and  magnetic  even  when  it  does  not  contain  more  than  a  tenth  of 
iron ;  and  according  to  M.  Lehmann,  a  forty -eighth  part  of  iron  renders 
copper  magnetic. 

Wallerius  states  that  copper  alloyed  with  iron  becomes  gray,  brittie,  less 
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fosible,  like  black  copper,  and  magnetic.  But  the  characters  depend  on  the 
proportion,  and  more  or  less  intimate  combination  of  the  two  metals.  The 
maximnm  of  copper  which  can  enter  into  alloy  with  iron,  and  the  influence 
which  it  exercises  npon  the  latter,  are  still  nndetermined.  Mr.  Mnshet  states 
that  copper  unites  with  iron  in  a  greater  proportion,  as  th^  latter  contains  less 
carbon:  so  that  it  would  be  impossible,  he  says,  to  obtain  an  alloy  of  these 
two  metals  by  melting  them  in  contact  with  charcoal.  Bnt  by  taking  very 
particular  precautions  it  is  quite  possible  to  prepare  this  alloy. 

According  to  M.  Berther,  iron  and  copper  cannot  form  a  true  alloy ;  but 
when  the  two  metals  are  melted  together  at  a  high  temperature,  the  cast-iron 
retains  a  small  quantity  of  copper,  which  is  not  separated  when  the  iron  is 
refined.    This  agrees  with  the  results  obtained  by  M.  Karsten. 

Copper,  according  to  M.  Karsten,  may  combine  with  any  proportion  of 
iron.  It  is  well  known,  he  says,  that  copper  augments  the  tenacity  and  hard- 
ness of  iron.  Binmann,  for  this  reason,  thinks  that  it  would  make,  with  raw 
cast-iron,  an  excellent  alloy  for  making  anchors,  mortars,  anvils,  cylinders, 
fto.  200  parts  of  gray  castiron,  and  10  of  red  copper  in  thin  shayings, 
immersed  in  Unseed  oil,  and  submitted,  with  the  addition  of  charcoal,  to  a  yeiy 
hot  forge  fire  during  twenty-five  minutes,  yield,  according  to  Binmann,  a 
homogeneous  metallic  button,  composed  of  iron  194,  copper  6.  This  alloy  is 
very  hard ;  its  density  is  7*467.  Binmann  recommends  it  for  anvils,  &c. 
His  experiments  show  that  200  parts  of  copper  and  10  of  gray  cast-iron 
treated  in  the  same  way,  yield  a  homogeneous  button  veiy  ductile  when  cold. 
With  16  parts  of  copper  and  1  of  raw  cast-iron,  Binmann  obtained  a  ductQe 
aUoy  that  was  magnetic,  and  resisted  the  file  better  than  pure  copper ;  the 
sur&ce  and  the  fracture  were  of  a  fine  red  colour. 

Finally,  8  parts  of  copper  and  from  1  to  4  parts  of  iron,  gave  alloys  which 
were  harder  than  the  preceding,  but  not  perceptibly  more  brittle,  nor  less 
coloured  than  copper.  Binmann  asserts  in  his  Histoire  du  Fer,  that  wrought- 
iron  is  rendered  red-short  by  the  presence  of  copper :  elsewhere  he  states  the 
contrary.  According  to  Liavoisier,  iron  containing  copper  possesses  greater 
tenacity  than  any  other,  and  becomes  brittle  only  in  the  stages  between  a 
brown  red  and  deep  red  heat :  above  or  below  this  temperature  it  can  readily 
be  forged.  M.  Berthier  affirms,  in  like  manner,  that  iron  containing  copper 
possesses  great  tenacity  when  cold,  but  that  it  is  brittle  when  hot,  and  can 
be  forged  only  when  above  a  reddish-white  heat,  or  below  a  cherry-red  heat. 
It  is  probable,  he  says,  that  a  large  proportion  of  copper,  one  per  cent.,  for 
example,  would  give  the  cast-iron  additional  tenacity,  and  make  it  better 
fitted  to  be  employed  in  castings.  This  opinion  supports  that  of  M.  Binmann, 
already  mentioned. 

Iron  has  been  found  in  some  copper  money  of  the  time  of  Constantine. 

Hassenfratz  found  that  the  alloy  of  these  metals  is  red-short,  and  brittle 
when  cold.  But  he  has  not  stated  the  proportions  of  the  alloy.  Most 
persons  employed  in  iron-forges  have  no  doubt  that  copper  makes  iron  red- 
short  ;  that  a  small  portion  of  this  metal  detached  firom  the  tuyeres  by  the 
n^gence  of  the  smelters,  may  injure  the  quality  of  the  whole  product  of 
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thd  operation ;  or  ih&i  a  piece  of  copper  money  thrown  into  a  blast-furnace  is 
enoi^h  to  deteriorate  the  whole  of  the  iron  it  contains. 

M.  Karsten  made  some  refinery  experiments  at  some  of  the  Silesian  forges* 
by  adding  in  the  first  place  to  cast-iron  0*^  per  cent  of  copper.  The  flame 
thereupon  became  green,  during  the  whole  of  the  operation.  The  metal  waa 
very  good ;  the  iron  could  be  drawn  without  cracking,  and  bore  very  well  the 
tests  of  strength ;  the  copper  did  not  seem  to  have  affected  its  tenacity,  either 
when  hot  or  when  cold.  He  recommenced  the  same  sort  of  experiment  with 
one  per  cent,  of  silver.  There  was  considerable  difficulty  in  working  the  metaL 
A  bar  heated  to  redness  and  immersed  in  water,  disengaged  a  blue 
coloured  flame.  Out  of  eight  bars,  six  stood  the  tests  of  strength ;  the  two 
others  broke  at  poiats  previously  fissured.  Analysis  showed  the  presence  of 
0886.  per  cent,  of  copper  in  the  sample  of  iron  just  spoken  of.  M.  Karsten 
hence  infers  that  copper  does  not  produce  the  injurious  effects  so  generally 
attributed  to  it.  He  admits,  however,  that  it  diminishes  the  tenacity  of  iron 
more  even  than  phosphorus,  spepially  impairing  its  capability  of  being  welded. 
It  is  worthy  of  remark,  he  adds,  that  cupreous  iron,  everything  else  being  the 
same,  requires  six  times  more  time  to  dissolve  in  sulphuric  acid  and  in  aqua 
regia  than  iron  ui  its  ordinary  condition.  M.  Stengel  infers  from  these  expen* 
ments  that  it  is  to  copper  we  ought  to  attribute  the  defect  in  every  case  where 
iron  is  brittle  when  hot,  and  deficient  in  welding  capability. 

M.  Herve  made  some  experiments  also,  in  1 827,  to  form  an  alloy  of  cast- 
iron  and  copper,  but  met,  as  he  expected,  with  very  considerable  difficulties. 
The  following  was  his  mode  of  procedure : — ^He  first  melted  100  parts  of 
cast-iron  in  a  crucible,  throwing  in  subsequent^  4  parts  of  copper  shavings. 
After  keeping  the  fused  mass  some  time  over  the  fire,  he  poured  it  into 
a  dry  clay  mould.  But  in  consequence  of  the  mould  being  damp,  or  firom 
some  such  cause,  the  metal  boiled  with  considerable  violence  fin>m  the 
moment  it  entered  the  mould,  and  some  portions  of  the  alloy  were  projected 
to  different  parts  of  the  room.  After  it  had  cooled  he  obtained  an  ingot  full 
of  blisters,  and  as  though  pierced  through  at  eveiy  part  exc^t  at  the  ex-* 
tremities.  Its  fracture  was  craggy,  lamellar,  granular,  with  large  blisters ;  at 
the  extremities  of  the  ingot  it  was  granular,  and  wanted  lustre.  The  coloux 
was  a  bluish-white  gray.*  Under  the  file  it  was  of  a  grayish-white  colour, 
and  brilliant;  under  the  grinding-stone,  steel-gray  and  shining.  The 
ingot,  in  other  respects,  presented  no  characters  of  copper ;  but  the  residue 
found  at  the  bottom  of  the  crucible  was  very  cupreous.  There  must,  then, 
have  been  at  least  a  partial  separation  of  the  copper.  The  aspect  of  the 
fracture  of  the  ingot,  however,  would  indicate  that  a  small  portion  of  the 
Ci^per  remained  in  combustion  with  the  cast-iron. 

No  one  has  yet  succeeded  in  giving  iron  a  covering  of  copper ;  or  in 
povering  it  with  a  layer  of  this  metal  by  the  *'  wet  method  *'  except  by  the  electro- 
deposithig  process.  Veneering  and  incrustation  have  been  tried  with  more  soo- 
cess ;  but  these  operations,  indeed,  amount  to  no  more  than  the  liquefaction, 
by  means  of  borax,  of  the  copper  which  is  intended  to  fill  up  the  interstice^, 
inade  in  the  iron.    The  alloy  of  these  two  metals  is  met  with  native ;  it  conr 
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stitates,  in  a  great  measure,  what  is  known  as  black  copper;  that  is,  unrefined 
copper  extracted  from  sulphuretted  ores  of  copper.  Thus,  the  copper  of  Peru 
contains,  according  to  M.  ^erthier  :7— 

Copper  .    .'.......    0-978 

Iron .    0*020 

Sulphur 0002 

1000 
and  would  appear  to  be  black  copper  not  refined.    Very  often  it  oontaina  a 
much  greater  proportion  of  iron. 

M.  Berthier  has  made  the  analysis  of  scoria  from  TariouB  works  for 
refining  copper,  and  he  has  found  that  the  residue  of  the  refinery  of  Peruvian 
copper  was  composed  of— 

Copper 019 

Iron 0-81 

Sulphur   .    .    4 atvace 

......    ^'^^ 

The  "  mattB "  obtained  by  smelting,  rqas^.  copper  pyrites  contain,  ac- 
cording to  M.  Berthier : — 

Copper 0*270 

Iron 0*400 

Sulphur      ........  0*260 

Earthy  Inatter     .' 0*080 

1000 
The  yery  rich  "matts  "  arising  from  the  fusion  of  the  preceding  "  mattt  ** 
contain,  after  washing,  according  to  Berthier :— > 

Copper 0*660 

Iron 0080 

Sulphur 0*210 

Earthy  matter '  0050 

1000 
A  multitude  of  small  grains  of  metallic  copper  were  found  in  them. 
The  "  matts  "  arising  from  the  fusion  of  cupreous  schist  also  contain  iron. 
Xh0  following  is  their  composition  according  to  M.  Berthier : — 

Copper 0*580 

Iron 0132 

Sulphur 0*282 

Earthy  matter 0*006 

6*956 
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The  "  rnatta  "  arising  from  the  treatment  of  the  preceding  "  matts  con- 
tain:- — 

Copper 0-598 

Iron 0158 

Sulphur '.    0*226 

0-982 

They  are  obtained  as  thin  plates  of  a  metallic  black  colour,  with  a  crys- 
talline fracture,  mixed  with  an  infinity  of  very  small  czystalline  grains  of  red 
copper. 

There  exists  in  the  neighbourhood  of  Voltera,  at  Monte-Oasteli,  in  Tus- 
cany, a  lazge  mine  in  which  Yariegated  copper  forms  the  principal  oxe. 
It  is  very  compact,  with  unequal  fracture,  of  a  bronzed  colour,  gray 
coloured  at  the  fracturos  while  fresh,  but  of  a  shining  blue  shade,  like  the 
breast  of  a  pigeon,  after  being  some  days  in  contact  with  the  air.  It  consiBts, 
according  to  M.  Berthier,  of-- 

Copper 0-672\ 

Iron 0068 

Sulphur 0-214 

Qangue 0040 

Which  corresponds  with — 

Sulphide  of  copper    .    .    0887    ,    .    8  at. 
Proto^ulptdde  of  iron    .    0118    .    .    8  „ 

M.  Gerold  mentions  a  specimen  of  magnetic  iron  from  Mexico,  where  it 
occurs  in  considerable  beds,  and  which,  with  a  specific  gravity  of  4-9,  is  said 
to  be  very  rich  in  copper. 

M.  Stromeyer  found  copper  in  the  proportion  of  0001  to  0'008  in  all  the 
aerolites  he  examined. 

bon  aad  Tin. — ^According  to  M.  Dumto,  tin  enters  into  alloy  with  iron 
in  all  proportions.  Heated  to  a  high  temperatdre  they  melt ;  but  at  a  mode- 
rate heat  a  separation  takes  place — a  species  of  liquation.  At  first  a  quan- 
tity of  pure  tin,  more  or  less  considerable,  is  melted ;  then  tin  alloyed  with 
iron ;  and  there  finally  remains  a  less  frisible  alloy,  consisting  of  tin  and  iron 
in  otiier  proportions,  the  iron  predominating,  lliis  operation  is  performed 
on  a  large  scale  to  purify  ferruginous  tin.  M.  Berthier  states  that  a  yery  small 
quantity  of  iron  is  sufGicient  to  diminish  the  malleability  of  tin,  blemish  its 
white  colour,  and  render  it  hard.  The  very  smallest  trace  is  detected  by  the 
action  of  the  magnetic  needle. 

M.  Berthier  says  that  the  two  metals  enter  into  direct  alloy  when  their 
oxides  are  heated  with  either  charcoal  or  black  flux. 

The  alloy  composed  of — 

Tin 0-S51    .    .    .    lat. 

Iron 0-649    .    .    .    4  „ 
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is  of  a  dear  iron  gray  colour,  crystaUine,  and  sufficiently  brittle  to  be  reduced 
with  ease  to  an  impalpable  powder. 

The  aJloy  composed  of-— 

Tin 0-60 

Iron 0-60 

is  of  a  grayisb-white  colour,  very  brittle,  with  a  granulated  fracture.  Ac- 
cording to  Messrs.  Bergmann,  Karsten,  and  others,  by  melting  iron  with  tin, 
two  distinct  and  definite  alloys  are  always  obtained :  the  one  composed  of 
21  parts  of  tin  and  1  of  iron ;  the  other  of  2  of  iron  and  1  of  tin.  The  first 
is  very  malleable  and  harder  than  tin,  without  being  so  brilliant ;  the  other 
is  not  very  malleable,  and  too  hard  to  be  pared  with  the  knife. 

M.  Hassenfratz  has  also  succeeded  ia  directly  combining  tin  with  wrought- 
iron.  He  finds  that  iron  impregnated  with  tin  cannot  be  forged,  and  that  it 
Mis  to  pieces  under  the  hammer.  A  sheet  of  tin  placed  between  two  sheets 
of  plate-iron  produces  the  same  effect.  M.  Karsten  made  some  experiments 
upon  this  subject  in  Siberia.  They  show  that  one  per  cent,  of  tin  added  to 
cast-iron  renders  the  iron  extremely  brittle  when  cold ;  but  it  is  by  no  means* 
red-short,  and  can  easily  be  forged  when  hot,  giving,  during  the  operation, 
white  vapours,  which  condense  upon  the  anvil  and  hammer. 

The  analysis  showed  only  010  per  cent,  of  tin  in  this  iron,  the  strength  of 
which,  however,  was  considerably  diminished.  The  same  quantity  of  phos- 
phorus would  not  produce  any  sensible  effect  upon  the  quality  of  iron.  M. 
Karsten  hence  concludes  that  tin  is  more  prejudicial  in  iron  than  phosphorus. 
Cast-iron  containing  tin  has  a  texture  as  fine  as  steel;  it  is  very  sonorous, 
will  receive  a  very  beautiful  polish,  and  possesses  great  hardness  without 
breaking  so  easily  by  a  sudden  concussion,  and  without  rusting  so  readily  as 
ordinary  cast-iron. 

M.  Hinmann  proposes  to  employ  it  for  several  kinds  of  ornaments,  for 
mirrors,  and  particularly  for  bells,  on  account  of  its  very  great  fusibility.  He 
also  found  that  all  the  aJloys  of  iron  and  tin  that  he  had  examined,  blackened 
the  ftkiTi  and  linen  like  tin,  and  that  they  had  also  the  same  peculiar  disagree- 
able odour  even  when  containing  only  a  very  small  proportion  of  tin.  Oxide 
of  tin,  melted  with  iron,  is  reduced  to  the  metallic  state. 

According  to  Messrs.  Macquer  and  Leonhardi,  a  small  addition  of  iron 
gives  tin  a  beautiful  polish.  With  one  part  of  iron  and  two  of  tin,  a  ductile 
alloy  is  obtained,  which  is  attracted  by  the  magnet,  and  has  a  dark  gray 
fracture.  The  proportion  of  two  and  a-half  per  cent  of  iron  will  alone  suffice 
to  make  tin  magnetic.  By  melting  together  equal  parts  of  tin  and  iron,  a 
white  brittle  mass  is  obtained,  of  a  density  which  is  unequal,  in  consequence 
of  some  iron  separating  during  the  cooling. 

Tin  is  a  powerful  solvent  of  iron :  20  parts  of  tin  suffice  to  fuse  100  parts 
of  iron-filings  at  a  temperature  which,  without  such  assistance,  would  have 
been  far  from  sufficient  to  produce  that  result.  M.  Herve  has  sometimes 
succeeded  in  liquefying  forged  iron  with  only  ten  per  cent,  of  tin.  The  first 
aUoy  presented  the  following  characteristics : — Compact  fructure,  a  clear  gray 
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colour,  and  dull  surface ;  under  the  file  a  steel-gray  colour,  and  shining ; 
under  the  gnnding-stone,  the  same  colour.  This  alloy  was  vezy  hard  and 
brittle ;  it  wore  out  the  file.  Another  alloy,  formed  wiih  100  parts  of  cast- 
iron  and  1  part  of  tin,  presented  an  even  fracture,  slightly  granular ;  of  a 
dear  gray  colour,  and  dull ;  under  the  file,  of  a  grayish-white  shining  colour ; 
under  the  grinding-stone,  the  same  colour.  This  aJloy  was  equally  brittle  and 
hard. 

Tin  manifests  an  affinity  for  iron  at  the  temperature  of  fusion.  It  then 
attaches  itself  to  the  surface  of  this  metal,  and  thus  furnishes  an  excellent 
means  of  protecting  it  against  rust.    This  is  what  is  called  tinning. 

Sheet-iron  coyered  with  tin  is  called  tin-plate,  and  serves  for  a  great 
number  of  purposes.  The  metals  form  a  true  alloy  at  the  surface,  with  a  layer 
of  pure  tin  over  it.  Tinned  iron  presents  the  same  appearance  as  tin,  having 
both  its  colour  and  brilliancy.  It  preserves  the  latter  quality  in  the  air  better 
than  tin  itself,  because,  as  M.  Dumas  considers,  a  galvanic  action  is  kept  up 
between  the  two  metals,  tin  being  negative  in  relation  to  iron.  But,  for  the 
same  reason,  oxidation  taikes  place  much  more  readily  wherever  there  is  the 
smallest  flaw  in  the  coating  of  tin,  for  the  galvanic  action  renders  the  iron 
more  susceptible  of  oxidation  than  in  the  natural  state.  "When  the  sheet- 
iron  is  veiy  thin,  it  is  quite  penetrated  by  the  tin,  and  becomes  white  at  the 
interior,  is  more  easy  to  cut,  and  more  malleable. 

Sheet-iron,  intended  for  tinning,  should  be  of  the  finest  quality,  and  care- 
fully worked  by  hammering  and  rolling.  The  sheets  are  immersed  for  some 
minutes  in  veiy  dilute  hydrochloric  add,  then  placed  in  an  oven  and  heated 
to  redness,  to  detach  the  scales  of  oxide.  It  is  then  a  second  time  flattened 
between  hard  cast-iron  rollers ;  again  iomiersed  for  twdve  hours  in  a  sour  lye, 
made  by  fermenting  bran  with  water ;  then  in  water  acidulated  with  sulphuric 
add,  and  agitated  for  about  an  hour  until  quite  bright  When  this  operation, 
which  is  called  "  pickling,"  is  completed,  the  plates  are  iomiersed  in  water, 
scoured  with  hemp  and  sand,  then  immersed  separately  in  melted  tallow,  and 
finally  in  melted  tin.  "When  removed  irom  the  tin  bath  the  plates  are 
drained  upon  an  iron  grating,  and  the  superfluous  tin  removed  by  succesdve 
immerdon  in  baths  of  pure  grain-tin,  grease,  and  again  iu  pure  tin. 

Vessels  and  utensils  of  cast-iron  are  tinned  by  deansing  the  surface  of  the 
metal  with  dilute  hydrochloric  add  or  chloride  of  tin,  and  are  then  coated  by 
rubbing  the  heated  vessels  with  tin,  or  by  immersing  them  in  a  bath  of 
the  mdted  metal. 

The  tin  covering  the  plates  of  iron  presents  a  perfectly  smooth  and  bright 
appearance,  but  its  texture  is  nevertheless  crystalline,  which  becomes  apparent 
when  the  outermost  layer  is  dissolved  by  a  weak  acid.  It  then  presents  a 
kind  of  watered  "  moire  metallique  '*  appearance,  which  is  often  veiy  beau- 
tiful. The  acid  and  liquid  used  for  this  purpose  consist  of  2  parts  of  hydro- 
chloric add,  i  part  of  nitric  acid,  and  3  parts  of  water. 

The  watered  appearance  is  produced  by  the  unequal  action  of  the  add 
upon  the  crystallized  portions  of  the  tin.  The  dze  of  the  crystals  depends 
much  upon  the  rapidity  with  which  the  tin  is  cooled.     The  crystallized  sur- 
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ioee  Bhould  be  immediately  covered  with  a  transparent  yandsh,  either 
ooionred  or  otherwise. 

An  alloy  consisting  of  5  parts  of  tin  with  1  of  iron,  called  "Biberel's 
anoy,"  is  nsed  for  tinning  copper ;  its  density  is  7' 247,  it  is  slightly  malleable 
when  cold,  but  brittle  when  hot,  has  a  steel-gray  granular  texture,  and  may 
be  cot  with  scissors ;  it  is  easily  obtained  by  melting  together  tin  and  clip- 
pings of  tin-plate.  It  is  said  to  giye  a  more  durable  coating  of  tin  to  vessels, 
and  is  not  so  readily  acted  upon  by  weak  acids.  M.  Thenard  su^ests  for  the 
same  purpose  an  alloy  of  8  parts  of  tin  and  1  part  of  iron.  It  is  soHd,  brittle, 
with  a  fine  close  granular  texture,  of  a  whitish-gray  colour,  fusible  a  little  below 
a  red  heat.  It  is  obtained  by  heating  iron  and  tin  in  a  crucible,  and  covering 
the  mixture  with  pounded  glass. 

Dr.  Ure  states  that  tinned  iron  appHed  between  the  joints  of  wrought 
brass,  moistened  in  the  first  place  with  a  strong  solution  of  sal  ammoniac, 
fonns  an  excellent  solder,  if  caze  is  taken  to  avoid  too  strong  a  heat  during 
the  operation. 

"When  tin  ores  are  melted  in  a  reverberatory  fomace,  fezrug^ous  tin  and 
scorisB  are  always  produced,  which,  according  to  M.  Berthier,  contain  a  great 
deal  of  oxide  of  iron  and  a  certain  quantity  of  oxide  of  tin.  The  scoriffi,  when 
rich,  are  re-melted,  and  again  produce  ferruginous  tin.  This  is  submitted  to 
liquation ;  and  by  this  means  tin,  with  very  little  aUoy,  is  obtained,  and  there 
remains  on  the  hearth  of  the  foxnaoe  an  alloy  containing  a  laige  amount  of 
iron. 

Iroiii  Oopp«v,  and  Jlntlniony. — ^According  to  M.  Achaid,  antimony  deter* 
mines  the  combination  of  copper  with  wrought-iron :  equal  parts  of  antimony 
and  iron,  and  four  times  as  much  copper*  form  an  alloy  which  is  metallic,  of 
uniform  texture,  very  dense,  brittie,  white,  unchanged  by  the  air,  with  a  frac- 
ture like  that  of  steel,  but  capable  of  being  easily  filed  and  cast.  The  alloy 
of  these  three  metals  is  met  with  in  the  *'  rosette  copper  "  of  Hungaxy ;  it 
consists,  according  to  M.  Berthier,  of — 

€k>pper 0*992 

Antimony 0007 

Iron 0001 

1000 

M.  Herve  tried  to  combine  these  three  metals  in  the  following  propor- 
tioss: — 

Wrought-iron  in  pieces  ....    100 

Copper 88*7 

Antimony 10 

The  object  was  to  ascertain  if  antimony  was  a  good  agent  for  producing 
the  alloy  of  copper  with  iron ;  and  the  result  was  unfavourable  to  tiie  suppo- 
sition. A  little  antimony  combined  with  the  iron,  and  somewhat  more  with  the 
copper;  but  he  did  not  succeed  in  dissolving  the  pieces  of  wrought-iron,  and 
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they  W3re  taken  out  of  the  crucible  enveloped  in  a  omst  of  an  alloy  of  coppet 
with  antimony,  containing  probably  a  small  proportion  of  iion.  Ho  fboBd 
the  alloy  had  a  rough  fracture,  was  craggy,  granular,  porous,  (^yiah-vliite, 
and  had  a  tolerable  lustre.  Under  the  file,  it  was  whitish-gray  and  biilliaiit ; 
under  the  grinding-stone,  steel  gray  and  brilliant. 

According  to  M.  Achard,  antuuMiy  determines  the  combination  of  copper 
with  cast-iron  in  the  highest  proportion.  M.  Herre  made  &Ye  ezpezimenta 
to  alloy  these  three  metals  in  the  following  proportions : — 

Antimony.       Copper.       Baw  iron. 


1st  experiment 

.    .    0-66    . 

.     1-88    . 

.    0-65 

2nd        „        .    , 

.    100    . 

.    2-02    . 

.     100 

8rd         „        . 

.    .    1-88    . 

.     260    . 

.    1-88 

4th         „        . 

.     1-43    . 

.    8-67    . 

.    1-42 

6th         „        . 

.    .    500    . 

.  26-24    . 

,    500 

The  ingots  obtained  presented  the  following  eharaoteristics : — 

}$t  Experiment. — ^Fracture  rough;  texture  granular  and  close,  of  a  dark 
aspect,  dull.  Under  the  file,  deep  steel-gray  colour  and  brilliant;  under 
the  grinding-stone,  grayish-white  colour,  tending  slightiy  to  yellow,  bzilliant 
The  ingot  presented  no  appearance  of  copper. 

Und  Experiment. — ^Fraotore  rough,  striated,  lamellar;  of  a  bluish  gray- 
white  colour ;  slightiy  lustrous.  Under  the  file,  of  a  clear  steel-gray  colour, 
shining;  under  the  grinding-stone,  the  same.  This  ingot  did  not  present 
any  appearance  of  copper. 

9rd  Experiment. — ^Bou^,  o^ggj  fraeture,  striated,  radiated,  of  a  bluish 
gray- white  colour;  not  lustrous.  Under  the  file,  grayish-white,  tending 
slightiy  to  yellow ;  lustrous.  No  appearance  of  copper  in  the  ingot,  which 
had  also  the  appearance  of  being  hard,  stiff,  and  brittle. 

4ih  Experiment — ^Rough  fracture,  granular,  not  close ;  of  a  bladdsh-gray 
dull  colour.  Under  the  file,  a  steel-gray  colour,  brilliant;  under  the  grind- 
ing-stone,  a  deep  steel-gray,  brilliant.    It  had  no  appearance  of  copper. 

bth  Experiment. — ^Rough  firacture,  granular,  lamellar,  of  a  bluish  gray- 
white  colour  ;  not  lustrous.  Under  the  file,  iron^gray  colour,  moderately 
brilliant;  under  the  grinding-stone,  steel-gray  colour,  brilliant  The  frac- 
ture of  this  ingot  presented  also  a  small  nucleus,  of  a  reddish- white  colour, 
which  appeared  to  contain  more  copper  than  the  other  portion  of  the  ingot, 
with  the  exception  of  a  few  cupreous  patches  near  it 

M.  Herve  infers  from  these  experiments  that  antimony  is  a  very  good 
medium  for  alloying  copper  with  raw  iron,  and  more  effective  than  even  tin 
or  zinc.  It  is  clear,  in  fact,  from  the  fourth  experiment,  that  1  *42  of  antimony 
sufficed  to  produce  the  combination  of  8*57  of  copper  with  100  of  cast-iron. 
The  results  of  the  fourth  experiment  are  still  more  conclusive ;  for  notwith- 
standing the  nucleus  and  the  cupreous  patches  which  the  fracture  of  the 
ingot  presented,  it  seems  that  the  greater  part  of  the  twenty-six  per  cent,  of 
copper  had  combined  with  the  mass  of  iron. 
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All  these  ingots  were  hard,  moderately  brittle;  but  that  in  the  fourth  ex- 
periment was  le«8  so  than  others. 

bout  AiMidAy  aaA  HickoL— A  compound  of  these  three  metals  occurs 
native  in  the  nickel  ore  called  kupfemickel,  consisting,  according  to  M. 
Stromeyer,  of— 

Nickel 0*442 

Iron 0*006 

Arsenic 0*548 

Sulphur 0*004 

1000 

The  pure  mineral  contains  0*0500  of  arsenic.  According  to  M.  Berthier, 
bj  heating  the  arsenide  of  nickel  with  iron  in  any  proportions,  obtained  by  the 
reduction  of  the  arseniate  in  a  crucible  lined  witii  charcoal,  double  arsenides 
axe  obtained,  which  are  homogeneous,  reiy  hard,  brittle,  and  of  a  grayish- 
white  colour  like  oast-iron. 


Digiti 


ized  by  Google 


810  IMFB0TEME1IT8  IN  WOBXIHO  IBOH. 


CHAPTEB  XYL 

ON  WBOUOHT-IBONIN  LABOX  MA88K0. 

The  mannfiactiire  of  wronghl-icon  in  large  masses  cannot  boast  of  a  y&j 
early  origin.  Although  we  read  in  the  most  ancient  of  Books  that  Tubal  Cain, 
before  the  Flood,  was  an  instructor  of  eyery  artificer  in  brass  and  iron,  it 
would  doubtless  have  puzzled  even  that  great  founder  of  the  iron  trade,  had 
he  been  famished  with  an  order  to  make  the  large  masses  of  wrought-iron  re- 
quired  for  a  "  Great  Britain/'  "  Persia/'  *'  Marlborough/'  or  "  Great  Eastern" 
steam>Bhip ;  and  he  would  have  been  equally  at  a  loss  with  many  modem 
craftsmen,  had  he  been  requested  to  forge  a  '*  monster  gun/'  or  a  double- 
throw  crank-shaft  for  engines  of  1000  horse-power.  Were  he  again  permitted 
to  Tisit  the  world,  the  mighty  machineiy  at  work  on  eyexy  hand  would  compel 
the  admission,  that  his  trade  had  made  great  strides  during  his  absence. 
These  adyances  in  the  manufiicture  of  wrought-iron  in  large  masses  haye 
taken  place  almost  entirely  within  the  present  centuiy,  if  not,  indeed,  within 
the  last  thirty  years.  Up  to  that  period,  the  improyements  upon  Tubal  Cain's 
(we  presiune  original)  uiyentionB  were  of  so  limited  a  nature,  that,  in  the 
year  1820,  the  manu&cture  of  a  shaftr-HBay  of  about  6  inches  diameter,  and 
weighing  15  or  20  cwt. — ^required  the  concentrated  exertions  of  a  large 
establishment,  and  was  considered  a  yast  triumph  if  successfully  accom- 
plished; whereas  we  are  now  accustomed  to  forgings  of  20  and  80  tons' 
weight,  as  matters  of  eyery-day  occurrence,  scarcely  exciting  the  slightest 
notice.  Nor  do  we  stop  eyen  here :  much  larger  masses  will  no  doubt,  ere 
long,  be  mannfiujtured  for  the  constmction  of  iron  ships,  which  in  future 
years,  owing  to  the  increased  size  and  strength  of  the  plates,  will  be  built 
upon  a  scale  that  would  but  recently  hayo  been  deemed  fabulous.  This  con- 
sideration, combined  with  the  requirements  of  rapid  communication,  which 
demand  more  colossal  engines,  call  for  renewed  energy  in  conducting  thia 
important  manufacture. 

It  may,  perhaps,  not  be  out  of  place  to  mention  here,  as  a  &ct  haying 
few  parallels  in  other  btimches  of  the  industrial  arts,  that,  almost  without 
exception,  all  the  improyements  that  haye  latterly  crowded  upon  each  other 
in  this  trade  haye  originated  with  the  "  hammermen"  or  workmen  them- 
selyes,  and  haye  been  worked  without  eyen  the  protection  of  an  exdusiye 
patent-right. 

Our  subject  naturally  diyides  itself  into  two  chief  heads,  yiz.  the  mate- 
rials of  which  forgings  are  made,  and  the  tools  with  which  the  manufacture 
is  accomplished.    We  purpose  treating  of  the  latter  first. 

BescilpUon  of  Foise-tooU.— A  forge  has  necessarily  three  principal 
diyisions,  yiz.  the  fomace,  the  crane,  and  the  hammer ;  and  they  compose  the 
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chief  fixtures.  The  furnace  (Fig.  1)  is,  in  this  country, 
of  the  ordinary  reTerberating  description,  strongly  bound 
together  with  plates  and  binders  of  iron,  of  a  propor- 
tionate size  to  the  description  of  work  intended  to  be 
perfoimed.  A  very  great  deal  more  depends  upon  the 
furnace  than  might  be  supposed  by  those  who  are  not 
thoroughly  conversant  with  the  practical  working  of  one. 
Variations  in  the  slightest  detail  in  their  construction  or 
working  are  follow^ed  by  such  great  difierences  in  the 
remiltB,  that  .even  a  good  and  experienced  fumaceman,  if 
set  to  manage  a  strange  furnace,  will  find  some  difficulty 
until  he  has  made  himself  thoroughly  acquainted  with 
its  peculiarities. 

The  selection  of  a  proper  description  of  fire-brick 
with  which  to  construct  the  furnace  is  a  matter  of  con- 
siderahle  importance.  Without  attempting  to  enter  into 
the  merits  of  different  fire-bricks,  we  would  observe  that 
the  question  of  expense  is  infinitesimal  when  compared 
with  the  consequences  ofhising  cheap  and  inferior  bricks, 
which  would  be  costl}'  at  the  lowest  price, 
from  the  great  wear  and  tear  upon  tliem,  and 
from  the  annoyance  and  loss  caused  by  the 
often-repeated  stoppages  for  repairs.  It  is, 
therefore,  the  wisest  and  best  economy  al- 
ways to  use  the  very  best  fire-bricks  that 
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money  can  procure.  In  some  cases  where  large  work  is  intended  to  be  made, 
a  fiunace,  with  a  grate  at  each  end,  and  having  the  stack  or  chimney  in 
the  centre,  has  been  tried;  but,  as  it  has  not  been  generally  introduced,  we 
presume  it  possesses  few,  if  any,  adTsntages  over  the  ordinaiy  furnace.  In 
fetct,  for  the  largest  forginga  that  have  ever  been  made,  ftonaces  with  mng^ 
grates  have  proved  successful,  ^ere  double-grated  fbmaoes  have  fiuled. 
The  sketch  we  have  given  in  Fig.  1  is  a  furnace  such  as  is  generally  used, 
and  which  is  found  very  effective  for  the  purposes  required. 

In  America,  where  tiie  chief  fuel  is  anthracite  coal,  furnaces  with  dosed 
ash-pits,  and  blown  with  a  fan,  are  used,  and  which,  we  axe  given  to  nnder 
stand,  answer  vexy  weU. 

Mr.  Mallet,  in  his  work  on  the  "  Gonstmction  of  Artmery,"  page  114, 
states,  that  '*  at  length  the  limit  is  found  when  with  our  present  known  modes 
of  working  wrought-iron  (even  with  the  heaviest  and  best  appliances)  we  can 
no  longer  add  to  its  size.  The  limit  is  reached  by  the  fiBdlure  of  power  to  heat 
the  mass,  or  the  required  part  of  it,  to  the  welding  heat  The  time  required 
for  the  piece  to  remain  in  the  Aimace  to  effect  this,  continually  increases  as 
its  bulk  grows,  and  with  it  the  sources  through  which  heat  is  lost  and  dissi- 
pated ;  but  a  certain  proportion  of  iron  is  burned  away,  or  melted  from  the 
surfEu^e  at  the  part  requiring  to  be  brought  to  welding,4ui  equals  tiie  weight  of 
the  '  slab'  or  mass  laid  on,  and  the  labour  is  then  in  vain :  the  work,  like  that 
of  the  embroidezy  of  Penelope,  becomes  an  endless  task,  and  the  limit  has 
been  reached  beyond  which  the  piece  can  be  forged  no  bigger.  The  point  at 
which  this  limit  is  reached  can  be  stretched  a  good  deal  by  the  extreme  skill 
of  the  operative  forgeman,  and  the  skilfiil  construction  of  his  foniace ;  but, 
however  great  these  may  be,  the  limit  is  at  length  reached  by  all;  and,  with  our 
existing  tools,  in  Great  Britain  is  probably  reached  in  every  case  at  a  diameter 
(of  a  cylindrical  mass)  of  about  four  feet,  and  about  twenty  feet  in  length.'* 

There  is  considerable  truth  and  force  in  these  observations  as  applied  to 
existiag  machinery ;  but  the  paragraph  seems  to  convey  the  impression  that 
we  are  not  expected  to  exceed  the  limits  laid  down  by  Mr.  Mallet.  We  should 
be  Sony  to  endorse  this  opinion,  or  to  believe  that  we  have  even  approached 
the  maximum  size  in  our  forgings,  having  so  frequently  and  so  recently  seen 
that  which  is  in  one  year  deemed  impracticable  in  the  manufacture  of  forg- 
ings, accomplished  with  the  utmost  ease  in  the  succeeding  one ;  while  the 
necessary  requirements  of  that  year  are  again  followed  by  still  further  im- 
provements, even  where  invention  and  mechanical  skill  had  apparentiy 
reached  their  highest  development.  And  so  it  will  continue  to  the  end  of 
the  chapter.  We  might  as  well  attempt  to  obstruct  the  progress  of  the  engi- 
neer, and  say  to  him,  "  Thus  &r  canst  thou  go,  but  no  farther,"  as  attempt 
to  limit  the  sizes  to  which  forgings  may  be  made  in  future  years.  If  larger 
forgings  are  required,  and  money  is  forthcoming  to  pay  tiie  cost  of  their 
manufacture,  the  work  will  not  stand  still  for  the  want  of  workmen  to 
undertake  it,  or  machinery  wherewith  to  handle  it,  however  large  it  may  be. 
The  only  real  obstacle  to  the  production  of  forgings  of  larger  size  is  the  cost ; 
the  bugbear  set  up  in  the  above  extract,  that  more  iron  is  wasted  than 
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is  added,  being  but  another  mode  of  aoconnting  for  inexperienoe  and  bad 
workmanship. 

Cimna.— The  crane  is  a  Teiy  nseful  auxiliary  in  the  working  of  the  forge. 
Without  its  aid  it  would  be  impossible  to  fabricate  those  large  masses  of  iron, 
the  almost  daily  manufacture  of  which  has  ceased  to  excite  surprise  at  their 
magnitude. 

The  crane  (Fig,  2),  as  is  well  known,  is  composed,  first  of  a  strong  up- 
right, either  independently  fz— 

fixed  in  a  solid  foundation 
in  the  ground,  or  depen- 
dent on  the  walls  or  roof 
of  a  building ;  next,  of  the 
top  pieces,  called  "  cheeks," 
and  the  '*  stays,'*  to  which 
is  attached  a  winch  of 
ordinary  construction;  and 
a  strong  pair  of  blocks, 
with  a  chain  leading  to 
the  winch.  It  is  neces- 
sary that  the  blocks  should 
be  capable  of  working  back- 
ward and  forward  on  the 
cheeks,  which  is  techni- 
cally called  '*  racking  out," . 
or  "  in,"  from  the  fact  that 


Fig.  3. 


a  rack  and  pinion-wheel  are  generally  employed  to  effect  the  object  The 
crane  must  also  be  so  placed  that  the  cenlare  is  exactly  equidistant  from  the 
centre  of  the  furnace-door  and  the  centre  of  the  anvil,  its  use  being  to  swing 
'*  the  pieoe  "  from  the  furnace  to  the  anvil,  and  vice  versd. 

Cranes  have  generally  been  made  of  wood,  although  very  few  sorts  of 
Wood  are  capable  of  resisting  the  great  heat  to  which  cranes  for  forging  are 
subjected.  Others,  however,  have  lately  been  made  of  iron,  or  of  a  mix- 
ture of  iron  and  wood.  Oast-iron,  being  comparatively  brittle,  is  decidedly 
objectionable  and  unsafe,  in  consequence  of  the  great  weight  they  have  to 
bear,  and  the  excessive  jar  of  the  forge-hammer.  There  is  less  objection  to 
wrought-iron,  which  if  rightly  proportioned,  is  we  believe,  the  best  material 

for  the  purpose. 

Rammers.— We 
now  come  to  what  is, 
perhaps,  the  most  im- 
portant, or,  at  any  rate, 
what  is  considered  the 
most  important,  tool 
in  the  forge,  viz. the 
hammer ;  and  we  purpose  giving  a  slight  description  of  the  various  sorts  in 
^Mse  at  flie  present  time,  including  the  beautiful  direct-acting  tool  known  as 
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the  Nasmyth  or  Bteam-hammer.  We  are  unable,  in  the  lunits  of  this  work, 
to  consider  the  merits,  or  give  any  description  of  the  various  improvements 
that  have  been  attempted  on  the  original  steam-hammer ;  some  of  them  being 
confined  to  matters  of  detail,  while  others  introduce  defects  so  palpable,  that 
we  gladly  return  to  the  original  Nasmyth. 

The  most  ancient  form  of  forge-hammer  was  probably  that  technically 
called  the  "  tennant-helve  '*  Fig.  8,  known  in  France  as  the  '*  Marteau  frontal," 
from  its  being  lifted  at  the  front  end.  This  hammer  is  a  heavy  mass  of  caet- 
iron,  which  was  lifted  by  projecting  arms,  fixed  in  a  ring  of  iron,  called  the 
"  cam-ring,"  falling  through  a  certain  space  by  its  own  gravity.  The  pivots 
behind,  on  which  it  rested,  were  of  a 
curved  form,  to  allow  its  being  easily 
worked.  This  was,  and  still  is  in 
many  works,  a  very  effective  tool,  per- 
forming  its  work  with  regularity,  and 
seldom  getting  out  of  order. 

The  *'  tennant-helves  "  being  found 
inconvenient  for  certain  descriptions 
of  work,  the  **  tilt  hammer  "  Fig.  4,  was  introduced.  Instead  of  being  raised 
at  the  front  end,  this  hammer  is  depressed  by  a  similar  '*  cam-ring"  from 
a  part  projecting  behind.  It  is  composed  of  wood  and  iron,  the  shank 
being  of  good  tough  oak,  wedged  into  a  ring  in  which  it  works;  the 
hammer-head  being  also  wedged  on  to  the  shank.  The  shank  is  surmounted 
by  a  beam  of  wood,  which,  acting  as  a  powerful  spring,  gives  greater  force 
and  rapidity  to  the  blow.  This  form  of  hammer  was  peculiarly  adapted  to 
the  '*  tilting  "  of  the  different  sorts  of  steel. 

Another  improvement  on  the  original  "tennant-helve,"  was  to  lift  the 

halve  between  the  head  of  the  hammer 
and  the  pivots  on  which  it  worked  (Fig. 
5),  an  advantage  being  thus  given  to  the 
hammerman,  which  the  tilt  also  pos- 
sesses, by  enabling  him  to  go  all  round 
the  end  of  his  hammer.  But  the  last 
and  greatest  improvement  was  that 
known  to  the  trade  as  the  **  belly- 
helve  "  Fig.  6 ;  a  not  very  euphonious 
Fig.o.  name,    but  one  which,   indicates   the 

nature  of  the  tool.  It  was  lifted,  as  its  name  indicates,  under  the  bottom 
part  of  the  helve,  by 
means  of  a  "  bray,"  which 
could  be  lengthened  or 
shortened  according  to 
the  size  of  the  "  piece  "  to 
be  acted  upon.  With 
some  of  the  largest  size  a 
veiy  effectual  blow  is  struck  with  a  pieoe  of  iron  of  from  8  feet  to  4  feet  in 
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diameter — the  **  helve  "  being  raised,  and  the  **  bray  "  being  lengthened  in 
proportion.  This  hammer  also  permits  the  hammerman  to  go  completely 
round  his  hammer,  to  inspect  the  work  under  operation.  For  plain 
ordinary  work  it  is  not  surpassed  in  efficiency,  even  by  the  direct-acting 
steam-hammer.  It  is  of  very  great  importance  that  the  foundation  be  per- 
fectly £rm,  and  capable  of  resisting  the  force  of  the  blows  to  which  it  is 
subjected.  The  most  usual  way  of  securing  this  end,  is  by  placing  under 
the  anvil- block — ^which  of  itself  is  a  very  massive  casting,  weighing,  with  the 
cup  upon  which  it  rests,  from  twelve  to  fifteen  tons— a  considerable  muss  of 
timber,  carefully 
placed  and  fitted 
cross-wise.  This 
foundation  must  be 
strongly  secured, 
for  unless  the  anvil- 
block  is  very  firm, 
a  considerable  por- 
tion of  the  blow  will 
be  dissipated,  and 
its  value  lost. 

We  come,  lastly, 
to  Nasmyth's  steam* 
hammer,  Fig.  7,  a 
tool  which  has  de- 
servedly come  into 
very  general  use. 
Although  many  of 
the  Very  largest 
forgings  have  been 
made  by  the  old- 
fsishioned  helves, 
eepeciallythe  *  'belly- 
helve  "  above  de- 
scribed; nevertheless, 
not  only  to  the  forge-masters,  but  in  many  other  branches  of  manufEUitnre. 
The  steam-hammer,  like  other  great  inventions,  has  its  faults  as  well  as  its 
merits.  The  first  great  merit  of  the  steam-hammer  is,  that  it  is  a  simple 
direct-acting  machine,  dispensing  with  much  of  the  cumbrous  wheel-work 
required  with  the  old  helves.  It  takes  up  little  room,  and  requires  no 
"  g&gger,"  as  the  attendant  workman  is  called,  who  attends  to  the  hammer. 
The  presence  of  the  "  gagger  "  we  object  to,  not  so  much  on  account  of  the  ex- 
pense, which  is  partly  counterbalanced,  in  the  case  of  the  steam-hammer, 
by  the  necessity  of  employing  an  engineer ;  but  on  account  of  the  almost 
insufferable  torture  from  heat  which  the  "  gagger"  has  to  endure :  for  if  the 
'*gag"  is  not  inserted  and  the  hammer  stopped  at  the  critical  moment*  a 
valuable  piece  of  work  may  be  damaged.    Another  of  the  excellences  of  the 
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Bteam-hanuner  is,  that  the  blow  can  be  varied  according  to  the  size  of  the 
** piece'*  nnder  operation,  and  the  force  of  the  blow  required.  This  is  not, 
practically,  snch  a  great  advantage  as  might  at  first  appear;  but  in  small 
works  it  is  of  considerable  importance.  We  would,  however,  onrselves 
rather  see  the  different  sizes  and  classes  of  work  effected  nnder  different 
sized  hammers — with  hammers  perfectly  proportioned  to  each  desciiptioii 
of  work.  Excepting  In  very  large  establishments,  however,  where  there 
are  a  considwable  number  of  hammers  employed,  this  cannot  always  be 
accomplished.  The  consequence  is  that  the  hammer  is  used  more  as  a 
squeezer,  frequently  crushing  the  iron  at  the  heart  instead  of  drawing  it  in  a 
sound  manner  under  a  hammer  proportioned  to  its  size.  Where  the  works, 
therefore,  are  not  extensive,  or  where  the  number  of  hammers  is  limited,  the 
fJBuulity  of  regulating  the  stroke  by  the  steam-hammer  is  an  important  advan- 
tage in  many  descriptions  of  work.  Another  advantage  is,  that  the  KnmwMWi 
is  always  working  parallel  with  the  **  piece  '*  under  operation,  vrtdxSi  is  not 
the  case  with  the  old-fuhioned  helves,  in  using  which  the  hammermim  liaa 
to  resort  to  many  ingenious  plsns,  such  as  employing  thiokness  pieces,  lior 
overcoming  this  difficulty. 

The  hammerman  is  saved  a  great  deal  of  trouble  in  regulating  bis  tools,  by 
using  the  steam-hammer.  With  the  old-fashioned  helve,  almost  evwy  different 
heat  requires  an  alteration  of  the  tools  employed ;  with  the  steam-hammer 
there  is  no  necessity  for  any  such  change.  This  of  itself  is  a  oonsideraUe 
advantage.  With  tiie  Nasmyth  hammer  he  is  also  enabled  to  work  on  each 
side  of  the  hammer,  as  it  can  be  placed  in  such  a  position  as  to  be  accessible 
on  both  sides. 

There  are,  however,  a  few  defects  even  in  this  beautiful  tool;  and  the  first 
which  presents  itself  to  our  mind  is,  that  the  same  quantity  of  steam  is  eon- 
sumed  in  striking  a  blow  of  one  foot  upon  a  piece,  say  of  three  feet  diameter, 
as  is  required  for  a  blow  of  three  feet  upon  a  piece  one  foot  diameter;  for, 
the  stroke  of  the  hammer  being  fixed,  the  cylinder  takes  the  same  quantity 
of  steam  in  lifting  the  hammer  the  last  foot  as  it  does  in  lifting  it  the  whole 
of  the  stroke.  This  might,  no  doubt,  be  remedied  by  some  arrangement  for 
raising  or  lowering  the  cylinder  according  to  the  height  of  the  "  piece"  upon 
which  the  "blow  is  to  be  struck,  whidi  would  be  somewhat  similar  to  the 
arrangement  in  operating  with  the  belly-helve,  already  described.  Another 
defect,  but  one  which  attempts  have  been  made  to  remedy  in  some  modifica- 
tions of  the  steam-hammer,  arises  from  the  difficulty  of  swinging  the  "  piece  '* 
to  be  operated  upon,  from  the  fhinace  to  the  hammer,  one  of  the  legs  of  the 
hammer  being  sometimes  in  the  way.  This  difficulty  might  be  overcome  by 
allowing  the  hammer  to  stand  upon  one  strong  kg,  which  would  in  many 
^ases  be  a  considerable  in^ovement  We  have,  also,  a  great  objection  to 
tiie  amount  of  gearing  connected  with  the  working  of  the  valves.  They  are 
certainly  very  beautifal,  and  of  most  ingenious  conskuction ;  but  in  all  forging 
tools  it  is  desirable  that  the  greatest  simplicity,  combined  with  the  greatest 
strength,  should  always  be  the  first  consideration.  Arrangements  h  ave  lately 
been  made,  we  believe,  for  dispensing  with  these  valves,  and  iDtrodncuig  in 
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their  place  a  simple  balance-vBlTe  eapable  of  being  worked  with  great  ease, 
and  not  so  liable  to  get  out  of  order. 

We  have  thus  given  some  slight  description  of  the  different  hammers 
employed  in  a  forge.  It  has  not  been  our  intention  to  enter  into  yery  minute 
details  npon  this  subject,  nor  to  advance  any  very  decided  opinion  as  to  the 
relative  merits  of  the  different  implements ;  for  we  are  aware  that  opinions 
greatly  differ  upon  these  points.  The  improvements  that  have  taken  place 
in  this  description  of  tools  during  the  last  fifteen  years,  have  been  vexy  great : 
but  we  are  prepared  to  witness  still  greater  developments  of  mechanical 
application  in  connection  with  this  branch  of  the  art. 

MatMiala. — ^We  now  propose  to  give  a  short  description  of  the  mate- 
rials consumed  in  the  forge,  the  chief  of  which  are  the  coals  and  the  iron. 
It  is  of  considerable  importance  that  care  should  be  used  in  the  selection  of 
the  Aiel  for  the  manufacture  of  forgings,  as  great  difference  exists  in  this 
important  mineral,  some  being  very  much  more  suitable  for  the  manufacture 
thaji  others.  The  best  for  the  purpose  is  a  strong,  dense,  durable  coal,  pos- 
sessing a  good  body,  and  havlQg  a  dull,  dirty  appearance.  Coal  with  a 
bright  clean  look,  easily  broken,  as  a  general  rule  is  not  suitable.  Of  course 
it  is  desirable  that  the  coal  should  be  as  free  from  sulphur  as  possible,  and 
that  it  should  not  contain  any  large  proportion  of  those  foreign  matters  which, 
having  an  affinity  for  iron,  fiise  on  the  bars  in  the  shape  of  clinkers. 

We  now  come  to  the  consideration  of  the  best  description  of  iron  for  this 
manufacture.  Scrap-iron  is  that  most  generally  used ;  but,  far  from  agreeing 
with  the  generally  received  opinion  that  it  is  the  best,  we  think  that  it  is  the 
very  worst  description  of  iron  for  the  purpose ;  and  for  more  reasons  than 
one.  Engineers  usually  require,  in  their  contracts  with  the  foi^-maater, 
that  their  forgings  shall  be  made  from  the  best  scrap  iron ;  and  it  is,  of 
course,  the  duty  of  the  forge-master  to  comply  with  the  terms  of  his  instruc- 
tions and  contiact.  Let  us  first  endeavour  to  see  how  this  almost  universal 
belief  in  the  superiority  of  scrap-iron  has  arisen.  At  the  time  when  small 
forgings  were  first  attempted  to  be  made  as  an  article  of  commerce,  the 
manu&cture  of  English  iron  was  in  such  an  imperfect  state,  and  the  quahty 
so  indifferent,  that  large  quantities  of  the  best  iron  had  to  be  imported  from 
Sweden  and  Bussia,  and  for  a  long  time  the  scrap-iron  wa$  of  a  quality  that 
could  not  be  approached  by  English  iron  of  the  period.  Since  that  time,  the 
use  of  Bossian  and  Swedidi  iron  has  been  almost  entirely  discontinued,  ex- 
cept for  the  manufacture  of  steel ;  the  greater  part  of  tiie  scrap-iron  now 
produced,  therefore,  is  of  a  reary  different  quality  to  that  formerly  known  as 
best  scrap-iron.  This  material  was  deservedly  considered  the  most  proper 
material  for  the.manufacture  of  forgiags  that  could  then  be  procured ;  but  it 
must  be  home  in  mind  that,  at  the  date  we  speak  of,  the  forgings  were  so 
limited  in  size  that  the  practical  evils  resulting  iVom  the  use  of  scrap-iron, 
which  we  are  about  to  explain,  were  not  so  perceptible. 

In  the  ordinary  manufacture  of  barriron  it  is  the  practice,  in  most  works, 
in  order  to  obtain  it  of  the  toughest  and  best  description,  to  work  and  re-work 
it  several  times  over.    The  number  of  workings  the  iron  undergoes  is  marked 
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bythe  number  of  "best"  stamps  that  it  bears,  as  "beet,  bestbest/'"  treble  best/' 
&c.,  each  "  best"  indicating  a  better  quality,  an  extra  working,  and  with  a  cor- 
respondingly higher  price.  But  this  progressive  improvement  has  its  limits, 
as  will  be  perceived,  from  a  series  of  experiments  which  were  instituted  by  the 
writer  with  the  object  of  testing  the  correctness  and  limits  of  this  improve- 
ment 

Taking  a  quantity  of  ordinary  fibrous  puddled-iron,  and  reserving  samples 
marked  No.  1,  wepUed  a  portion  five  feet  high,  heated  and  rolled  the  re- 
mainder into  two  bars  marked  No.  2 ;  again  reserving  two  samples  from  the 
centre  of  these  bars,  the  remainder  were  piled  as  before,  and  so  continued 
until  a  portion  of  the  iron  had  undergone  twelve  workings.  The  following 
table  shows  the  tensile  strain  which  each  number  bore : — 


No.  1  paddled  bar  48,904  lbs. 

„   2ie-heated. 

.  62,864  „ 

.,    8 

tf 

69,686  „ 

..   4 

t> 

69,686  .. 

..    5 

>» 

67,344  „ 

.,  e 

»» 

61.884  „ 

..    7 

»» 

69.686  „ 

..    8 

•> 

67,344  „ 

„   8 

t> 

67,844  „ 

..10 
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It  will  thus  be  seen  that  the  quality  of  the  iron  regularly  increased  up  to 
Ko.  6  (the  slight  difference  of  No.  5  may  perhaps  be  attributed  to  the  sample 
being  slightiy  defective) ;  and  that  from  No.  6  the  descent  was  in  a  similar 
ratio  to  the  previous  increase.  From  these  experiments  it  appears  that  scrap- 
iron,  or  any  other  iron,  highly  refined,  is  the  very  worst  material  for  the  con- 
struction of  large  forgings  which  can  be  used;  and  that  if  we  take,  in  the  first 
instance,  a  strong  fibrous  fresh-puddled  iron,  the  ordinary  workings  required 
in  the  process  of  forging  will  be  sufficient  to  improve  it  to  the  average  maxi- 
mum of  strength  required ;  whereas  highly  refined  iron,  such  as  Lowmoor  or 
Bowling,  although  the  very  best  description  for  many  purposes,  has  already 
reached  the  hi^est  point  in  its  strength,  from  which  it  is  more  likely  to  be 
deteriorated  by  additional  workings. 

It  may  then  be  asked — ^how  can  we  hope,  with  any  degree  of  suecess,  to 
manufocture  large  forgings,  which  require  to  be  worked  over  perhaps  a  score 
of  times,  each  working  beyond  a  given  number  tending  to  vitiate  the  iron  f 
We  can  conceive  that  this  deterioration  does  not  penetrate  the  iron  to  any 
great  depth ;  that  few  forgings  are  heated  more  than  six  times  in  one  place 
before  fresh  iron  is  added;  and  that  the  various  layers  thus  succesidvely 
added  to  the  mass  protect  the  under  portion  from  the  deteriorating  influences 
of  the  successive  heatings.  It  is  also  to  be  observed  that  any  crystallization 
which  wijiht  take  place,  commences  from  the  outside  of  the  mass ;  and  as 
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this  is  the  portion  which  is  most  immediately  acted  upon  by  the  blows  of  the 
hammer,  the  fibre  is  elongated  in  a  greater  degree,  and  thus  restored  to  its 
original  quality.  As  a  proof  of  this,  we  may  instance  Ihe  manufactuio  of 
the  monster  gun,  which  was  built  up  in  seven  distinct  layers,  the  forging  of 
which  took  seven  weeks. 

At  the  meeting  of  the  British  Association  at  Glasgow,  in  September,  1855, 
"  a  question  was  raised  in  the  mechanical  section  as  to  the  causes  of  the 
deterioration  of  the  metal  of  which  the  artillery  of  the  present  day  was  con- 
structed. On  this  question  a  long  and  interesting  discussion  ensued,  both  in 
reference  to  tiie  comparative  wei^ess  of  cast-iron  as  now  produced,  and  the 
adaptation  of  forged  and  malleable  iron  as  being  stronger  and  better  adapted 
for  this  purpose.  The  accounts  received  from  the  Baltic  and  Black  Sea  of  the 
bursting  of  guns  and  mortars  of  recent  construction,  indicated  that  something 
was  wrong.  These  failures  gave  rise  to  conjectures  on  the  part  of  the 
Government  as  well  as  of  the  public ;  and,  in  order  to  trace  the  cause  of  this 
apparent  weakness  to  its  source,  an  inquiry  was  instituted  by  the  authorities 
at  Woolwich ;  and  subsequentiy  the  Association  appointed  a  Committee  to 
coK)perate  with  Her  Mf^esty's  Govenmient  in  the  investigation  of -this  very 
important  question.  In  order  that  no  time  might  be  lost,  the  secretary  of  tiie 
section  was  directed  to  issue  circulars  to  engineers,  iron-masters,  and  manu- 
fsLCturers,  requesting  that  they  would  forward  to  the  members  of  tiie 
Committee  such  opinions  and  observations  as  they  deemed  advisable,  in  re- 
gard to  the  material  itself,  and  to  its  treatment  preparatory  to  the  manufacture 
of  ordnance." 

It  is  to  be  regretted  that  these  drcnlars  were  not  made  more  general,  and 
that  more  of  them  were  not  addressed  to  practical  forge-masters;  for  we 
observe,  among  the  replies  elicitated,  the  name  of  one  man  only  practieaSy  and 
intimately  connected  with  the  manufeusture  of  large  masses  of  wrought-iron ; 
and  his  reply  is  the  only  one  indicating  any  hope  of  success  in  the  application 
ofwrought-iron  for  ordnance  purposes.  All  the  other  writers  who  noticed 
wrought-iron  at  all  (for  many  passed  it  by  without  the  slightest  attention)  most 
unequivocally  condemned  it,  and  came  to  the  condusion,  that  '*  the  tendency 
to  ciystaDization  which  the  long-continued  heating  produces  is  such,  that 
pow^rfol  ordnance  cannot  be  mantifiBu^tnred  advantageously  from  malleable 
iron." 

It  was,  perhaps,  fortunate  that  the  manu&ctnrers  of  the  monster  gun 
were  not  aware  of  the  adverse  opinions  thus  pronounced  against  wrought-iron 
for  ordnance ;  otherwise,  they  might  have  been  discouraged  in  their  attempt, 
and  what  must  now  be  considered  the  successfril  manu&ctore  of  large 
wroughtiron  ordnance  might  have  been  postponed.  The  following  table 
of  the  tensile  strength  of  the  iron  before  it  entered  into  the  composition  of 
the  gun ;  of  the  iron  cut  from  it,  and  as  it  now  is  in  the  gun,  both  transverse 
and  longitudinal  to  the  grain ;  and  of  the  borings  from  the  gun,  worked  over 
again  in  different  ways, — tends  to  show  that,  so  far  from  deterioration  or 
ciystallization  having  taken  place,  the  metal  was  improved  by  its  long-eiui- 
tinued  heating  and  working : — 
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Breaking  Sample  ban 

Esperiment  Deieription  of  Iron.  etrain  in  Ibe.    Atct-    4  ins.  kmg 

per  aq.  in.        age.      -' *— ■ 

No.    1.  Original  iron  of  which  the  gun  wm  made  .  48'884 

No.    2.  Ditto  ditto  .  60*624      49*504 

No.    3.  Cut  acroBS  the  grain  from  muzsle  of  gun  .  41*644 

No.    4.  Ditto  ditto  .  43904 

No.    5.  Ditto  ditto  .  50624      43*390 

No.    6.  Gut  with  the  grain  from  rnnnle  of  gun  .  48*384 

No.    7.  Ditto  ditto  .  50-624 

No.    8.  Ditto  ditto  .  52864      50*624 

No.    9.  Borings  from  gun  worked  oyer  with  coal  .  60*584 

No.  10.  Ditto  ditto  .  62-824      61704 

Nb.  11.  Borings  from  gun  worked  over  with  dhavooal  76*664      76*584 

No.  12.  Swedieh  iron  as  imported,  }  sq.   .        .  .  60*584      60*584 

From  the  above  experiments  it  will  be  seen  that  the  original  iron  put  into 
the  gun  was  of  no  extzaordinary  strength,  which  is  accounted  for  by  the  fact 
that  it  was  designedly  selected,  in  consequence  of  the  experiments  already 
quoted,  from  what  is  commonly  known  as  "  No.  2  iron,"  or  iron  once  worked 
over  from  the  puddling-process,  though  of  considerable  strength  and  body, 
and  commercially  called  "  common  iron."  This  iron,  after  seven  weeks'  heat- 
ing and  shaping  into  a  gun,  was,  as  we  have  already  stated,  so  frur  from  being 
deteriorated  by  this  "  long  exposure  to  great  heat,"  as  to  be  actually  improved 
in  quality ;  for  we  find  that  the  average  of  the  trisls  gives  an  increase  of  ten* 
sUe  strength  from  49*50411)8.  per  square  inch  to  50*624  lbs.,  both  trials  being 
longitudinal  with  the  fibre  or  grain  of  the  iron. 

The  strength  of  the  iron  across  the  grain  can  hardly  be  regarded  as  of 
much  importance,  although  it  exhibits  a  remarkable  amount  of  cohesion, 
for  it  was  laid  in  the  direction  of  the  strain,  and  therefore  the  cut  transverse 
to  the  grain  might  have  been  expected  to  possess  less  cohesion  in  that  direction: 
than  if  the  grain  had  been  placed  in  its  position  accidentally. 

If  we  follow  this  question  farther,  and  examine  the  result  of  working  over 
again  the  borings  from  this  forging,  we  find  that  the  tensile  strength  is  in- 
creased from  49*504  lbs.  per  square  inch  to  61*704  lbs.  when  treated  with  coke, 
and  76*584  lbs.  when  worked  with  charcoal ;  and  we  think  with  results  such  as 
these — ^without  parallelin  any  English  make  of  iron,  even  under  the  most  favour- 
able circumstances — ^we  may  be  allowed  to  assert  that  the  myth  commonly 
caUed  '*  crystallization  from  long  exposure  to  great  heats,"  does  not  apply  to 
the  fabrication  of  this  the  largest  forging  ever  made.  We  have  given  these  de- 
tails to  illustrate  and  enforce  the  preference  given  to  puddled-iron  over  scrap- 
iron  ;  but  there  is  another  very  important  reason  why  scrap-iron  should  not  be 
used  for  the  manu&cture  of  forgings — scrap-iron  is  composed  of  many  vari- 
ous qualities  of  iron,  and  all  of  them  have  their  own  special  welding  points. 
When  worked  together,  one  portion  that  is  less  refined  is  too  much  heated, 
and  consequently  deteriorated,  before  the  more  highly-refined  portions  are  at 
a  welding  heat;  and  we  are  thus  placed  in  the  awkward  dilemma  of  either 
buxnini?  the  one,  or  of  being  unable  to  weld  the  other.  It  may  be  said  that  this 
objection  is  a  mere  theoretical  one,  and  that,  practically,  no  such  difficulty 
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exists.  This,  however,  is  not  the  case,  for  the  difference  of  temperature  at 
which  pnddled-iron  and  a  highly-refined  jron  weld  is  very  considerable; 
although,  from  the  difficulty  of  finding  a  really  good  pyrometer  for  these 
extreme  heats,  we  are  unable  to  give  exact  data  in  degrees.  If  any  proof 
were  required  of  this,  which  is  a  matter  of  everyday  economy,  it  is  only 
necessary  to  inquire  into  the  heating  ot  iron  for  our  rolling-mills.  It  is  a 
well-established  fact,  that,  in  the  mixing  of  different  descriptions  of  iron  in 
the  piles  for  that  purpose,  the  hardest  and  most  refined  iron  is  always  placed 
outside,  and  the  puddled  or  common  iron  inside.  Were  a  contrary  practice 
pursued,  and  puddled-iron  of  ordinary  quality  placed  at  the  outside,  and  the 
highly-refined  or  scrap  placed  in  the  centre  of  the  pile,  the  outer  or  puddled- 
iron  would  be  wasted  and  destroyed  before  the  inner  portion  was  sufficiently 
hot  to  weld. 

We  may  also  call  attention  to  the  various  qualities  found  among  scrap- 
iron,  some  being  what  are  termed  "hot-short,"  and  others  "  cold-short."  We 
have  before  quoted  a  writer  on  the  subject  of  the  manufacture  of  wrought- 
iron  for  ordnance,  who  has  stated  that  the  limit  has  been  reached  beyond 
which  forgings  cannot  be  made ;  assigning  reasons  for  those  limits  according 
to  his  own  ideas  and  experience,  the  principal  one  being  the  assumed  difficulty 
of  heating  such  large  masses.  Now,  if  we  take  strong  puddlediron  in  place  of 
the  "  scrap,"  which  has  hitherto  been  the  material  generally  used,  we  effect, 
as  we  have  shown,  a  saving  of  say  about  20  per  cent,  in  the  heat  required 
to  unite  soundly  the  various  slabs  or  portions  of  which  the  "piece"  is 
composed ;  in  other  words,  by  this  simple  substitution  of  the  material  used, 
we  increase,  to  the  extent  of  about  20  per  cent.,  the  supposititious  limits  of 
the  writer  from  whom  we  have  quoted,  but  the  accuracy  of  whose  conclusions 
we  challenge. 

Mannfactnge. — ^But  scrap-iron,  though,  as  we  have  endeavoured  to 
show,  the  worst  for  our  purpose,  is  the  material  from  which  forgings  are 
generally  made ;  and  we  must  say  a  word  or  two  as  to  its  preparation.  It  is 
necessary,  in  the  first  place,  that  the  small  pieces  of  scrap-iron  should 
undergo  a  cleaning  process.  For  this  purpose,  they  are  generally  placed  in  a 
large  drum  or  vessel,  which  is  caused  to  rotate  at  a  considerable  velocity  by 
machinery;  and  they  are  thus,  to  a  certain  extent,  freed  from  oxide  and 
various  other  superficial  impurities,  that  would  otherwise  injure  the  material 
for  forging  purposes.  In  some  works,  where  large  quantities  of  scrap-iron  are 
consumed  for  this  and  other  purposes,  the  scrap  is  usually  carefiiUy  selected ; 
and  none  but  blue  and  clean  iron,  pure  as  when  it  came  from  the  manufac- 
turer's hands,  is  permitted  to  be  used  for  forgings,  the  rusty  and  dirty  iron 
being  set  aside  for  conversion  to  more  common  purposes,  such  as  the  manu- 
facture of  *'  bar-iron,"  "  grate-bars,"  &c. 

The  scrap-iron,  having  been  thus  cleaned  or  selected,  is  divided  into  lumps 
or  masses  of  various  descriptions,  by  being  piled  in  quantities  generally  vary- 
ing from  100  to  200  lbs.  in  weight  on  a  slate  or  tile.  These  piles  are  charged 
into  a  reverberating  furnace,  commonly  called  a  "  heating"  or  "  balling"  famace. 
After  remaining  about  one  hour  and  a  quarter,  they  are  sufficiently  heated  to 
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be  forged  out  into  slabs  or  "  blooms/'  The  piling  of  the  iron  is  an  operation 
requiring  considerable  skill  and  experience,  for  if  the  pile  is  not  solidly  put 
together,  it  mU.  fall  down  in  the  fomace,  and  perhaps  become  attached  to 
others.  About  ten  to  eighteen  of  these  piles,  according  to  their  size,  consti- 
tute a  charge  or  "  heat;"  and  a  good  workman  will  turn  out  six  charges  per 
day,  or  about  3  tons  10  cwt  to  4  tons.  Larger  descriptions  of  slabs  are  used 
for  many  purposes ;  and  several  of  those  described  axe  again  piled  together, 
subjected  to  the  heating  process,  and  hammered  to  the  required  shape.  In 
some  forges  the  same  workman  *'  shingles"  or  hammers  his  iron  from  the 
scrap-pile,  and  heats  it  in  the  same  furnace  in  which  he  heats  his  forgings ; 
but  this  is  by  no  means  a  judicious  arrangement.  It  is  much  better,  especially 
with  large  work,  that  there  should  be  a  diyision  of  these  operations,  and  that 
a  certain  number  of  men,  of  inferior  skill,  and  consequently  of  less  value, 
should  heat  and  "  shingle"  the  iron  for  the  first  processes,  and  deliver  it  to 
the  more  highly-paid  and  skilful  hammerman  in  a  further  advanced  and  more 
convenient  shape.  There  is  another,  and  by  no  means  inconsiderable  advan- 
tage to  be  obtained  by  this  arrangement.  A  much  larger  amount  of  work  can 
be  accomplished  witii  the  same  number  of  men  and  tools,  than  in  the  case 
where  the  two  classes  of  work  are  completed  by  one  workman.  These  slabs 
vary  in  shape  and  size,  according  to  the  nature  of  the  work  for  which  they 
are  intended ;  and  are  delivered  to  the  hammerman  accordingly. 

In  large  forgings,  each  particular  piece  requires  different  treatment,  accord- 
ing to  the  shape  and  use  for  which  it  is  intended.  On  this  depends  the  ques- 
tion of  the  best  manner  of  making  it.  For  instance,  a  screw-shaft,  which  is 
subject  to  torsion,  requires  that  the  iron  should  be  put  together  in  a  manner 
very  different  from  the  mode  in  which  a  crank  or  cross-head  is  prepared.  We 
will  take  the  case  of  shafts.  The  most  ancient  method  of  forging  them  was  to 
take  a  certain  number  of  slabs  or  plates  of  iron,  made  into  a  pile  thus  (Fig.  8} 


Fig,  8.    End  Tiew. 


Fig.  8.    Front  View. 


and  after  heating  them,  to  hammer  them  into  the  round  shape  required.  Ab 
it  soon  became  necessary  to  make  larger  shafts,  however,  and  as  this  pile 
could  not  conveniently  be  increased,  an  improvement  was  introduced,  which 
consLsted  in  taking  a  pile  of  slabs  as  before,  and  drawing  a  portion  only  of  the 
mass  into  the  shape  required  (see  Fig.  4),  leaving  a  lump  on  the  end  on 
which  to  place  more  slabs  as  needed ;  then  drawing  a  little  more  at  A  to  the 
required  shape,  adding  more  and  more  slabs  as  occasion  required.  This 
method  is  still  practised  at  many  works,  and  with  considerable  success;  but 
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it  requires  the  utmost  oare  and  circumspection,  both  in  regard  to  workman- 
ship and  materials.  This  is  the  method  b j  which  shafts  are  generally  made  in 
the  north  of  England  and  Scotland,  and  in  America.       ▲ 


a 


Fig.  4.    Front  Tiew. 

Another  plan  is  to  lay  up  a  faggot  of  square  bars  sufficient  to  make  the 
required  shaft  (Fig.  6).  This  is  a  considerable  improvement  upon  the  slab- 
plan,  there  being  much  less  risk  of  Halse  weldings  and  careless  workmanship; 
and  for  this  reason,  when  slabs  are  used,  if  the  heat  has  not  been  sufficient 
to  give  a  perfect  weld  to  the  iron,  or  if  any  oxide  or  dirt  should  intrude,  the 
flaw  or  defect  would  run  more  across  the  shaft  than  in  the  faggot,  where 
indeed  any  flaw  from  such  causes  would  run  longitudinally  with  the  shaft; 
and  consequently  would  not  interfere  in  anything  like  the  same  degree  with 
its  strength.  But  this  method  also  requires  great  care  and  attention ;  for  if 
the  faggot  of  square  bars  be  made  too  large  at  one  heat,  the  interior  of  the 
mass  cannot  be  sufficiently  heated  to  allow  of  the  iron  being  welded  at  the 
centre.  I  have  often  seen  broken  steam-boat  shafts 
which  have  never  been  united  at  all  at  the  heart,  the 
bars  from  which  it  was  made  being  in  the  same  shape 
and  state  as  when  they  were  placed  in  the  faggot 
To  avoid  this  great  evil  it  is  necessaiy  to  be  espe- 
cially careful  not  to  pack  faggots  too  large  at  once, 
but  to  make,  in  the  first  instance,  a  moderate  sized 
one,  which,  after  being  worked  perfectly  sound,  has 
another  layer  of  bars  packed  round  it,  and  so  on  with 
further  layers,  untQ  the  necessaiy  size  is  attained  Fig.  5.  End  view. 


^d. 


Fig.  5.    Ftont  View. 

\vith  perfect  soundness.  Thus  Fig.  6,  A  being  the  original  fiiggot  after  it  haa 
been  made  sound  and  solid,  has  the  bars,  as  shown,  packed  round  it ;  it  is  then 
again  heated  and  hammered  into  the  required  shape. 

The  third  method  of  manu&cturing  large  shafts  is  commenced  by  mak- 
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ing  a  round  core  or  heart,  B,  and  taking  bars  of  a  V  form  to  pack  ronnd 
it  (Fig.  7).  This  is  a  method  of  forging  railway  axles  which  is  frequently 
adopted.  It  was.  also  the  method  adopted,  with  some 
variations,  in  forging  the  monster  gun,  at  the  Mersey 
Iron  Works.  In  a  previous  page,  we  have  given  the  tensile 
strength  of  the  iron  before  it  was  forged  into  the  gun,  and 
its  condition  after  undergoing  that  process ;  and  it  may  be 
satis&ctory  if  we  give  some  details  of  the  manner  in  which 
this  large  forging  was  worked. 
Fig.  G.    End  View.  We  have  already  stated  that  it  was  built  up  in  seven 


Fig.  6.    Front  View. 

distinct  layers  or  slabs,  Imd  that  the  forging  occupied  seven  weeks;  nor 

will  this  time  seem  imreasonable,  when  its  dimensions  and  weight  are 

remembered.     The  chief  points  to  be  considered  by  the  designer  of  the 

gun  were,  to  obtain  sound  weldings ;  to  place  the  iron,  with  its  fibres,  in  the 

proper  direction  for  resisting  the  most  severe  strain  to 

which  it  could  be  exposed;  and  to  take  care  that, 

while  working  one  part  of  the  forging,  other  portions 

were  not  wasted  under  the  action  of  the  furnace,  by 

burning  or  crystallization.    The  first  operation  was  to 

prepare  a  core  of  suitable  dimensions,  and  nearly  the 

whole  length  of  the  gun.    This  was  done  by  taldng  a 

number  of  rolled  bars,  about  six  feet  in  length,  welding 

them  together,  and  drawing  them  out  until  the  proper 

length  was  obtained.    A  series  of  V-sh&ped  bars  were        Fif  .  7.   Enfl  view. 


FIf .  7.    Front  Viefw. 

now  packed  round  the  core,  the  whole  mass  heated  in  a  reverberatory  fur- 
nace, and  forged  under  the  largest  belly-helve  hammer.  Another  series  of 
bars  were  now  packed  on,  and  the  mass  was  heated  again,  and  woriced  per- 
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fectly  sound.  Another  longitudinal  series  of  bars  were  BtiU  required  over 
the  whole  length  of  the  forging,  which  were  added;  and  tLe  mass  now  pre- 
sented a  forging  about  fifteen  feet  in  lengtli  and  thirty-two  inches  in  diameter, 
but  requiring  to  be  augmented  to  forty-four  inches  at  the  breach,  tapering 
down  to  twenty- seven  inches  at  the  muzzle.  .This  was  accomplished  by 
two  layers  of  iron,  placed  in  such  a  manner  as  to  resemble  hoops,  laid  at 
right  angles  to  the  axis  of  the  mass;  and,  after  two  more  heatings  and 
careful  yelding,  the  forging  of  the  gun  was  completed.  After  each  important 
addition,  a  "  securing"  heat  was  given  to  prevent  flaws.  It  would  be  foreign 
to  our  purpose  here  to  deal  with  this  implement  otherwise  than  as  a  mass  of 
forged  iron ;  its  dimensions,  as  given  by  Captain  Vandaleur  in  his  report,  are 

as  follow : — 

Ft.    Ins. 

Length 15  10 

Diameter  at  base 3  7^ 

Diameter  at  muzzle    ....  2  3^ 

Diameter  at  trunnions    ...  3  3^^ 

Length  of  bore 13  4 

Diameter  of  bore 0  13*05 


Its  present  weight  is  21  tons,  17  cwt.  1  qr.  14  lbs. ;  the  original  weight,  before 
boring,  was  25  tons.  The  furnace  employed  was  a  reverberatory  one ;  and 
the  hammer,  as  we  have  seen,  was  the  great  belly-helve  tilt-hanmier,  weighing 
10  tons.  As  already  intimated,  the  iron  bored  out  of  the  gun  was  tough, 
sound,  and  perfectly  homogeneous,  some  of  the  boxings  being '  curled  like  a 
watch-spring  seven  times  round ;  and,  when  worked  up  again,  it  bore  the 
test  applied  to  prove  its  strength,  as  reported  at  page  820;  and  Messrs. 
Horsfall  have  the  satisfaction  of  having  produced  a  forging,  which  the  scien- 
tific world  had  hitherto  deemed  impracticable. 

Shafts  have  sometimes  been  made  after  another  method,  which  we 
consider  very  injudicious.  Many  specimens  of  this  mode 
of  manufacture  have  come  under  the  notice  of  the  writer 
in  the  shape  of  broken  shafts,  where  the  unsoundness,  arising 
from  the  method  of  working  adopted,  has  been  so  great  as  to 
make  it  a  matter  of  surprise  that  the  shaft  had  done  any 
duty  at  all. 
The  method  in  question  was  to  forge  four  large  square  bars. 


Tig.%,  End  View. 


Fig.  8.    Front  View. 

poportioned,  of  course,  to  the  size  of  the  shaft  required ;  pacldng  them 
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together  (Fig.  8).  This  &ggot  was  of  such  immense  size,  that  the  fiixnaoo 
and  hammer  employed  were  altogether  inBnfficiflnt  to  produce  sound  work ; 
as  a  necessary  consequence,  when  the  shafts  so  made  were 
broken,  the  fracture  had  an  appearance  similar  to  Fig.  9, 
being  only  welded  on  the  circumference ;  while  the  four  fis- 
sures at  the  centre  were  sufficient,  in  many  cases,  to  receiTe  a 
man's  hand,  while  a  rod  of  iron  could  be  inserted  from  one 
end  to  the  other.  ^^ 

Clvystalli>atioii« — ^A  great  deal  has  been  said  and  written 
with  reference  to  a  supposed  deterioration,  or,  as  it  has  been  called,  "  crystal- 
lization," of  iron,  when  rolled  in  large  masses,  from  long-continued  and  frequent 
heatings ;  it  has  also  been  asserted  that  the  iron,  while  lying  in  the  fomaoe, 
is  continually  attracting  carbon  from  the  grate,  until,  in  course  of  time,  it  be- 
comes carburetted,  that  is,  reconverted  into  pig-iron.  When  this  theory  was 
first  propounded,  the  writer  determined  to  test  its  accuracy ;  and  that  in  the 
presence  of  the  gentlemen  by  whom  it  had  been  promulgated.  A  small  knob, 
or  comer,  was  accordingly  detached  from  a  large  forging  which  had  been 
over-heated,  or  burnt ;  it  broke  off  with  a  large  flaky  appearance  veiy  simi- 
lar to  some  descriptions  of  lead  ore.  This  was  pronounced  to  be  very 
similar  in  its  nature  to  cast-iron,  and  in  the  so-called  crystallized  state.  Pro- 
ceeding to  the  smiths'  department,  the  iron  was  heated  in  the  fire,  and 
drawn  down  to  about  three  times  its  original  length.  It  worked  well  under 
the  hammer ;  and  when  broken  again  in  the  usual  way,  was  as  beautifully 
fibrous  as  the  iron  from  which  it  was  originally  made.  This  experiment  led 
to  the  conclusion,  that  the  iron  acted  upon  was  vexy  different  in  its  nature 
from  cast-iron,  and  certainly  failed  in  sustaining  the  crystallization  theory. 

It  may  be  well,  however,  in  the  first  place,  to  consider  what  is  the  mean- 
ing attached  to  this  term — "  Crystallization."  It  has  been  generally  used  to 
signify  that  the  structure  or  composition  of  the  iron  has  entirely  changed  hs 
character  and  assumed  a  new  form.  Mr.  Mallet,  in  his  work  before  quoted 
(page  110),  thus  describes  this  change : — 

"  With  the  same  iron  and  the  same  volume  of  forging,  however,  the  size 
of  the  crystals  appears  to  be  larger  and  more  developed  in  proportion  to  the 
time  that  the  mass  is  maintained  hot  and  in  process  of  forging.  This  time  is 
necessarily  greater  as  the  mass  is  so ;  and  as  the  operation  of  reducing  it  to  the 
required  form  is  more  complex  or  laborious.  In  fact,  as  in  cast-iron,  we  saw 
that  the  crystals  were  larger  the  longer  the  mass  required  to  cool ;  so  in  wrought- 
iron,  they  are  larger  the  longer  the  mass  is  kept  hot :  and  thus  it  happens 
that  in  very  large  and  massive  forgings,  requiring  often  to  be  maintained  per- 
haps for  weeks,  at  temperatures  varying  from  welding-heat  down  to  dull  redness, 
crystals  are  developed  within  the  mass  of  a  size  tending  materially  to  diminish, 
in  some  places,  the  average  cohesion  of  the  iron,  where  their  planes  of  cleav- 
age produce  partial  planes  of  weakness.  The  size  of  these  crystals  is  occa- 
sionally surprising;  the  broadest  and  flattest  planes  of  cleavage  frequentiy 
running  in  the  direction  in  which  surfaces  of  the  integrant  slabs,  or  portions 
of  iron  of  which  the  mass  has  been  formed,  have  been  welded  together.    The 
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author  has  observed  ciystals  to  deposit  flat  planes  as  large  as  the  sur&ce  of 
a  half-oro^m  piece  in  foigings  under  seven  tons  weight." 

We  have  little  donbt  that  in  many  instances  this  statement  is  perfectly 
correct;  we,  however,  at  the  same  time  declare  our  belief  that  cases  are 
referred  to  where  the  greatest  carelessness  and  inattention  on  the  part  of  the 
workmen  have  been  exhibited.  We  think,  moreover,  that  some  experiments 
which  have  taken  place,  and  others  which  are  still  making,  under  the  direction 
of  Mr.  Mallet,  will  induce  him  to  alter  his  opinion  on  this  point.  To  one 
of  these  we  may  here  allude  in  support  of  this  view :  a  sample  bar  has 
been  planed  out  of  the  body  of  a  large  wrought- iron  mortar  piece  made  for 
him,  and  the  sample  shows  a  highly  fibrous  development,  very  different  in 
appearance  from  the  specimens  described  by  Mr.  MaUet  in  the  above  extract — 
a  description,  be  it  observed,  which  may  be  at  any  time  observed  in  a  forge 
on  examining  a  piece  of  burnt  iron,  or  in  an  exposed  comer  which  has  been 
subjected  to  veiy  great  but  not  necessarily  continued  heat. 

.  It  seems  to  us  that  all  wrought-iron  is,  more  or  less,  ciystalline  in  its 
structure ;  and  that  the  difference  between  what  we  call  fibrous  and  crystal- 
lized iron  only  consists  in  the  degree  of  fineness  in  the  crystals,  and  perhaps 
in  the  manner  in  which  they  are  laid  together ;  the  presence,  also,  of  foreign 
matter,  such  as  silicon,  in  some  form,  may  also  have  its  influence.  What- 
ever the  cause  may  be,  however,  it  is  known  that  a  piece  of  good  fibrous 
iron  will  break,  under  the  smith's  hammer,  with  a  long  silky  appearance; 
if  suddenly  fractured  by  an  irresistible  blow,  the  same  piece  of  iron  ^vill 
break  crystalline,  but  the  crystals  will  be  very  fine  and  close,  and  of  a  good 
colour. 

In  some  experiments  made  at  Woolwich,  in  the  year  1842,  to  test  the 
effect  of  shot  against  wrought-iron  plates,  and  determine  whether  wrought- 
iron  was  a  suitable  material  for  ships  of  war,  it  was  found  that  the  toughest 
and  most  fibrous  plate-iron,  when  struck  by  shot,  was  instantaneously  ciys- 
tallized ;  while  the  pieces  struck  out  were  so  hot,  that  the  fragments,  even 
after  passing  a  considerable  distance  through  the  air,  could  not  be  handled 
with  ^e  naked  hand ;  in  many  cases  the  firacture  had  that  blue  appearance, 
which  is  indicative  of  considerable  heat. 

A  68-poxmder  wrought-iron  gun  burst  with  the  first  charge  at  Woolwich, 
on  the  1^  of  July,  1855 ;  on  examination,  the  iron  was  pronounced  to  be 
crystallized,  and  its  nature  changed,  by  long  exposure  to  great  heat.  This 
crystalline  appearance  was,  most  probably,  the  result  of  the  very  sudden 
description,  as  in  the  experiments  with  the  iron  plates ;  and,  according  to  our 
view  of  the  case,  is  traceable  to  bad  workmanship.  A  considerable  portion  of 
the  bars  of  which  the  forging  was  composed  had  never  been  welded  at  all ;  and 
no  doubt  the  firacture  commenced  with  these  false  weldings.  The  crystalline 
appearance,  where  the  iron  was  torn  from  the  solid  mass,  arose,  at  any  rate, 
to  a  great  extent,  from  the  sudden  fracture.  Other  causes,  no  doubt,  assisted ; 
among  which  the  selection  of  iron  too  highly-refined  may  be  included.  From 
this  crystalline  appearance,  the  authorities  of  the  Ordnance  Department 
arrived  at  the  conclusion,  that  large  masses  of  iron,  from  long-continued 
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heating,  have  a  tendency  to  crystallize,  and  lose  the  properties  peculiar  to 
wrought-iron.  Acting  on  this  liypothesis,  they  put  a  stop  to  what  were  called 
''Nasmyth's  experiments"  at  Patricroft,  pronouncing  the  manufacture  of  a 
wrough^iron  gun  of  large  size  impossible — a  theory  which  the  successfol 
manufacture  of  a  much  larger  piece  has  since  practically  shown  to  be  incorrect. 
As  we  have  before  shown,  a  bar  of  iron,  planed  transversely  from  a  piece  cut 
off  the  end  of  the  gun,  broke  with  a  fibrous  texture,  and  with  a  very  slight 
tendency  to  crystallization ;  and  that  crystal  by  no  means  of  a  large  character. 
This  sample  had  never  been  treated  or  altered  in  the  slightest  degree  since  it  was 
cut  off  the  gun,  and  it  would  be  pronounced  "  excellent  best  iron."  A  portion 
of  this  was  afterwards  rolled  down  to  three-eighths  of  an  inch  round  bar-iron, 
and  it  was  bent  cold  in  all  ways  without  giving  way  in  the  slightest  degree. 

Having  thus  endeavoured  to  explain  the  meaning  of  the  term  *'  crystalliza- 
tion," let  U3  now  endeavour  to  trace  the  causes  which  produce  this  result 

The  change  in  the  structure  of  the  mass  of  iron,  when  it  occurs  during 
the  process  of  heating,  is  usually  produced  from  the  furnace  being  urged 
to  a  much  greater  heat  than  is  necessary  for  welding  the  iron;  in  feust, 
the  outside  first,  and,  if  the  heat  be  not  checked,  the  whole  of  the  mass,  is 
reduced  to  a  pasty  or  partially  fluid  condition.  The  structure  of  the  iron  is  thus 
entirely  changed;  and  in  the  process  of  cooling  the  mass,  crystallization  takes 
place  in  the  same  manner  as  with  other  substances  which  crystallize  in  passing 
from  the  fluid  to  the  solid  state.  Under  these  circumstances,  the  iron  may  be 
injured — ^in  other  words,  it  may  be  burned :  but  we  are  not  to  suppose  that 
such  a  result  is  either  inevitable  or  by  any  means  common ;  on  the  contrajy, 
the  heat  necessary  to  produce  the  evH  is  with  difficulty  obtained  in  our  ordi- 
nary furnaces,  under  the  most  fieivourable  circumstances. 

Some  years  ago  the  experiment  was  tried  at  the  Mersey  Steel  Works  of 
fosing  wrought-iron,  with  the  idea  of  castmg  it  into  such  shapes  as  "  cranks," 
"  cross-heads,"  and  other  forms  required  by  engineers.  They  succeeded  per- 
fectly in  obtaining  excellent  castings;  but  it  was  found  that  the  deterioration 
of  the  structure  of  the  iron  in  passing  from  the  fluid  to  the  solid  state  was 
such,  that  the  work  produced  had  little  more  strength  than  ordinary  cast- 
iron.  Of  course,  the  manufacture  was  at  once  given  up.  But  in  the  appear- 
ance of  the  fracture  of  the  ingots  resulting  from  Mr.  Bessemer's  experiments 
at  Baxter-house,  there  was  a  great  similarity  between  it  and  the  results  ob- 
tained in  melting  scrap  wrought-iron. 

Mr.  Mallet,  in  his  work  (Note  R,  page  251),  says : — "  Late  experience  has 
shown  me  that  in  very  large  cylindrical  masses  of  forged  wrought-iron  {i^. 
of  three  feet  diameter  and  upwards),  amongst  the  other  abnormal  drcum- 
stances  involved  in  their  production,  is  that  of  their  frequently  rending  or 
tearing  internally  in  planes  nearly  paraUel  with,  and  about  the  axis,  though 
not  always  in  it,  presenting  a  character  similar  to  those  described  in  Bection 
217 ;  the  cause  appears  to  be,  that  in  the  progress  of  cooling  such  a  mass  the 
exterior  cools  first  and  becomes  rigid,  while  the  internal  portions  are  still  red- 
hot  and  soft.  The  external  parts  contract  as  they  cool,  but  they  already 
grasp,  in  perfect  contact,  the  still  hot  interior ;  the  exterior  therefore  cannot 
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ccoitract  fiillj,  but  becomes  solid  under  constraint  circumferentially,  partly 
itself  extended  in  Tirtue  of  its  compressing  the  still  hot  and  soft  interior. 
The  latter  at  length  also  becomes  cold  and  rigid ;  but  its  contraction  is  now 
resisted  by  the  rigid  arch  of  the  exterior  with  which  it  is  surrounded.  The 
contraction  of  the  interior,  therefore,  is  limited  to  taldng  place  radially  out- 
wards from  the  centre ;  and  thus  the  mass  rends  itself  asunder  in  some  one  or 
more  planes  parallel  to  the  axis  of  the  cylinder. 

"In  a  cylindric  mass  of  forged  iron,  varying  from  24  to  36  inches  in 
diameter,  rents  of  18  inches  in  width  across 
a  diameter  were  found,  with  jagged  coun- 
terpart surfaces  clearly  torn  asunder,  and 
about  }ths  of  an  inch  apart  at  the  widest  or 
central  part;  the  fact  is  most  instructive 
as  to  the  enormous  internal  strains  that 
must  exist  from  like  causes  in  cast  iron  guns 
and  mortars  of  large  size." 

We  give  a  sketch  (Fig.  10)  of  the  form 
of  this  forging,  showing  the  faults  or  "  fis- 
sures" that  were  found  in  it,  and  which  no 
doubt  took  place  from  contraction  after  the 
piece  had  left  the  hammerman's  hands  per- 
fectly sound. 

"When  the  forging  was  cooling,  the  part 
D  would  of  course  cool  first ;  and  as  there 
was  no  great  differential  diameter  between 
D  and  B,  the  differential  contraction  was 
not  greater  than  the  elasticity  of  the  ma- 
terials permitted ;  but  the  sudden  and  great 
•difference  in  the  diameters  B  and  A  caused 
:the  forging  at  B  to  be  comparatively  cool; 
whilst  the  forging  at  A  had  very  consider- 
able heat,  the  parts  of  the  forging  at  B  and 
D,  being  nearly  cold,  became  rigid  and  un- 
alterable, constituting  a  very  strong  arch, 
which  prevented  the  forging  from  contract- 
ing in  a  regular  manner. 

If  this  forging  had  been  of  one  uniform 
cylindrical  shape,  these  fissures  would  not 
have  taken  place,  as  the  contraction  would 
have  been  uniform  throughout  at  the  same 
time  the  conducting  power  of  iron  is  suffi- 
cient to  allow  of  the  heat  passing  from  the 
interior  to  the  outside  with  sufficient  ra- 
pidity to  prevent  any  fissure  or  unsoundness  taking  place  in  the  forging. 

Mr.  Mallet  proceeds  to  say — "  It  is  probably  from  this  cause  that  more  or 
less  hoUowness  is  found  in  the  centre  of  almost  every  large  forging,  greater 
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in  proportion  as  the  forging  is  laiger.  The  difficulty  is  one  not  easily  over- 
come. Very  slow,  and,  as  fieif  as  possible,  nniform  cooling  of  the  whole  mass 
in  an  amiealing  oven,  suggests  itself  as  one  remedy ;  but  this  has  disadvan- 
tages in  enlarging  the  crystalline  development  of  the  metali  or  providing 
a  central  cylindrical  opening,  so  as  to  cool  the  circumference  and  the  centre 
together." 

Here,  at  last,  we  come  to  a  tangible  danger  to  be  feared  in  the  mannfius- 
tore  of  large  forgings,  provided  that  due  care  and  attention  be  not  paid  to  its 
proper  manipulation.  But  this  danger  is  also  common  to  castrngs,  being 
created  not  by  equal,  but  by  differential  contraction.  There  is  nothing  more 
to  be  dreaded  in  casting  metals  of  any  sort,  but  more  especially  those  in 
which  the  contraction  is  great,  than  that  any  part  of  the  casting  should  be 
suddenly  reduced  or  increased  in  size.  When  this  is  the  case,  what  the 
founders  call "  a  draw"  evidently  takes  place ;  and  the  same  result  is  observed 
in  large  forgings,  from  the  cooling  of  the  smaller  portions  before  the  larger. 
In  such  a  case  as  this,  let  us  follow  the  practice  of  the  engineer  and  founder, 
who,  from  experience  and  long  practice,  discourage  such  shapes  as  are  found 
impracticable,  and  make  such  modifications  in  their  plans  as  shall  do  away 
with  these  differential  results. 

WhOst  Mr.  Mallet's  work  was  passing  through  the  press,  and  without  any 
communication  from  him,  the  maker  of  the  forgings  he  mentions,  after  three 
failures,  overcame  the  difficulty  in  the  manner  proposed ;  viz.  by  making  a 
cylindrical  opening  in  the  centre,  which  allowed  the  interior  of  tiie  forgings 
to  cool  as  rapidly  as  the  external  ring,  and  which  permitted  the  necessary 
contraction  without  producing  fissures.  To  endeavour  to  overcome  the  diffi- 
culties incident  to  sn  important  manufacture,  which  is  still  in  its  infancy, 
appears  to  be  much  preferable  to  the  theoiy  and  maxims  of  the  "  How-notto< 
do-it "  school,  who  would  sit  quiefly  do^vn  under  a  difficulty  without  attempt- 
ing to  remove  it. 

In  the  Report,  made  by  a  Committee  of  the  Franklin  Institute,  on  the 
bursting  of  the  wrought-iron  gun  on  board  the  United  States'  steam-fiigate 
"  Princeton,"  the  following  facts  were  elicited : — 

"1.  The  iron  of  which  the  gun  was  principally  made  was  capable  of  being 
rendered  of  a  good  quality  by  sufficient  working. 

*'  2.  From  the  state  in  which  the  iron  was  put  into  the  gun,  it  was  not  in  a 
proper  condition  for  the  purpose  to  which  it  was  applied. 

**  3.  The  metal,  as  it  existed  in  the  gun,  was  decidedly  bad. 

"4.  As  to  the  manufjGusture  of  the  gun,  the  welding  was  imperfect. 

"  These  facts  relate  exclusively  to  the  gun  submitted  to  the  examination  of 
the  committee,  and  they  are  derived  from  immediate  experiments  and  obser- 
vation. But  besides  giving  these  to  the  public,  the  committee  felt  themselves 
bound  to  express  the  opinion,  that  in  the  present  state  of  the  arts  the  use  of 
wrought-iron  guns  of  large  calibre,  made  on  the  same  plan  as  the  gun  now 
under  examination,  ought  to  be  abandoned  for  the  following  reasons : — 

"1.  The  practical  difficulty,  if  not  impossibility,  of  welding  such  a  large 
mass  of  iron,  so  as  to  insure  perfect  soundness  and  uniformity  throughout. 
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"  2,  The  imcertainty  that  will  always  prevail  in  regard  to  imperfectioBS  in 
the  welding.    And 

"  3.  From  the  fact  that  iron  decreases  in  strength  from  long  exposure  to 
the  intense  heat  necessary  in  making  a  gun  of  this  size»  without  a  possibility 
of  restoring  the  fibre  by  hammering  with  the  hammer  at  present  in  use  in  this 
conntiy.  At  the  same  time  the  committee  would  not  wish  to  be  understood 
as  expressing  any  opinion  whether  the  construction  of  a  safe  wrought-iron 
gun  upon  some  other  plan  is  practicable  or  otherwise,  in  the  present  state  of 
^e  arts,  inasmuch  as  this  subject  has  not  been  referred  to  them  by  the 
Department" 

We  are  soiiy  that  Mr.  MaUet  thinks  it  necessary  to  add  to  this  Report, 
which  he  quotes  at  length  in  his  valuable  work  on  the  "  Construction  of 
Artilleiy/'  the  following  remarks : — 

"  Nothing  can  more  strikingly  show  the  deteriorating  effect  of  forgiug  in 
large  masses  (however  done)  upon  the  tenacity  of  wrought-iron,  than  the  Uyot 
of  the  preceding  Beport,  nor  the  uncertainty  of  the  process  as  respects  weld- 
ing. That  the  latter  difGlculty  may  be  greatly  mitigated  (though  it  cannot  be 
removed)  by  pre-eminent  skill  on  the  part  cd  the  hammerman,  is  proved  by 
the  success  of  the  Mersey  Steel  Company  in  the  duplicate  perfected  by  them 
of  the  gun  which  ftdled  for  the  '*  Princeton,"  and  still  more  in  the  stupendous 
and  apparently  perfect  forging  they  have  now  almost  finished  into  a  gun  for 
the  Government,  no  doubt  by  far  the  largest  ever  made  in  one  piece,  being 
l^  feet  length  of  chase,  13  inches  calibre,  14  or  15  inches  thick  at  the 
charge,  and  about  9  inches  at  the  muzzle,  a  solid  shot  of  which  will  weigh 
300  lbs."  Mr.  Mallet  thus  gives  the  weight  of  his  authority  (for  which  we 
entertain  the  greatest  respect)  to  sentiments  which,  in  our  opinion,  hardly 
need  any  farther  refutation  than  the  facts  which  he  himself  mentions. 

The  several  failures  in  the  manufocture  of  wroughtiron  guns  should  not 
be  a  matter  of  surprise ;  for  it  is  hardly  reasonable  to  expect  immediate 
success  in  any  new  &brication.  How  many  foilures,  it  might  be  asked, 
occurred  before  castiron  guns  were  brought  to  the  comparative  perfection 
they  have  now  reached  ?  When  we  consider  that  an  attempt  has  been  suc- 
cessfully made  to  Qonstruct  twp  of  the  largest  guns  ever  attempted  of  wrought 
iron,  without  having  had  any  Mlure  to  record,  we  think  it  hardly  probable 
that  failure  should  occur  where  sufficient  skill  in  workmanship  is  used,  and 
with  it  added  experience.  It  would,  indeed,  be  somewhat  strange,  if,  with 
additional  experience,  less  successful  results  were  to  be  obtained  than  in  the 
first  compsuratively  novel  experiments. 

One  of  the  most  common  forms  of  real  crystallization  results  from  what 
is  technically  called  "  hammer-hardening."  In  the  year  1854,  at  the  meeting 
of  the  British  Association  in  Liverpool,  a  paper  was  read  by  the  writer  of 
this  article  on  the  subject  of  cr3rstallization  of  iron  under  certain  circum- 
stances. He  selected  a  piece  of  good,  tough,  fibrous  bar-iron,  which  he 
tested  by  treating  in  the  usual  manner.  He  then  heated  it  to  a  full  red- heat, 
and  hammered  it  by  light,  rapid,  tapping  blows,  until  it  was  what  is  called 
"  black-cold."    After  it  was  allowed  to  cool,  he  again  broke  it,  and  found 


Digiti 


ized  by  Google 


332  EFFECTS  OF  HAMMER-HARDENING. 

that  the  stractore  of  the  iron  was  entirely  changed ;  and  that,  instead  of 
bending  nearly  double  without  fracture,  and,  when  the  fracture  did  occur, 
breaking  with  a  fine,  silky  fibre ;  an  entire  alteration  had  taken  place,  and 
the  bar  was  of  a  rigid,  brittle,  sonorous  character,  incapable  of  bending 
in  the  slightest  degree,  but  breaking  with  a  glassy,  crystallized  appearance. 
By  simply  heating  the  bar  to  the  same  red-heat  again,  the  fibre  was  restored 
exactly  as  before.  This  change  in  the  structure  of  iron  has  been  observed  in 
railway  axles  and  chains ;  and  we  beUeve  that  it  is  now  customary,  in  some 
manu&ctoiies,  to  anneal  such  articles  as  are  exposed  to  any  jar  or  percussion, 
at  regular,  periods,  and  with  a  beneficial  result.  Now  this  crystallization  is 
particularly  to  be  dreaded  in  forgings,  for,  unless  great  care  is  used,  this 
error  of  "  hammer-hardening"  will  often  take  place — sometimes  from  the 
vanity  of  the  forge-man,  who  is  naturally  desirous  to  turn  out  a  pretty  well- 
finished  forging ;  at  other  times,  as  is  more  generally  the  case,  from  the 
requisition  of  the  engineer,  who,  without  thinking  of  the  result,  wishes  to 
have  his  forging  delivered  to  him  as  nearly  as  possible  to  the  finished  size ; 
and  when,  as  is  often  the  case,  a  very  small  allowance  or  margin  is  given 
between  the  forged  and  finished  dimensions,  the  forge-man  is  imder  the 
necessity  of  working  his  iron  much  colder  than  is  consistent  with  a  due  regard 
to  strength.  It  is  very  true  that  some  foige-men  will  work  much  nearer  to 
the  sizes  given  them  than  others,  and  still  avoid  the  dangerous  error  of 
cold-hammering;  but  when  certain  dimensions  are  a  sine  qua  non,  inferior 
workmen,  to  keep  anywhere  near  the  mark,  must "  cold-hammer"  their  work ; 
for  none  but  a  first-rate  workman,  and  one  who  has  evexy  confidence  in  his 
own  powers,  dare  bring  his  iron  down  to  the  required  size  at  a  fall  heat. 

Some  engineers,  and  we  have  known  instances  among  the  most  eminent, 
in  ordering  their  forgings,  have  made  the  remark — "Pray  take  care  not  to 
finish  the  work  too  cold,  for  we  do  not  care  for  a  fine  polieJi  to  our  forgings;" 
and  this  language  we  would  uxge  all  engineers  to  use.  Such  an  instruction 
shows  a  true  appreciation  of  the  danger  of  cold-hammering,  and  a  knowledge 
of  this  craft,  which  it  is  the  object  of  this  work  to  convey  to  all.  But  while 
we  have  a  very  strong  objection  to  cold-hammered  forgings,  we  should  be 
sorry  to  be  understood  as  encouraging  that  slovenly  description  of  forging, 
which  leaves  the  pieces  so  clumsy  and  unsightly  as  to  require  more  than 
a  neoessaiy  amount  of  cutting  or  turning.  This  is  an  error  that  ought  also 
to  be  avoided.  If  proper  care  and  attention  were  paid  to  the  quality  of  the 
material  used,  as  well  as  to  the  workmanship,  we  should  have  fewer  break- 
downs in  our  sea-going  steamers,  and  might,  with  perfect  safety  and  great 
advantage,  reduce  the  weight  of  those  parts  that  are  made  of  wrought-iron. 
In  the  selection  of  forgings,  the  cheapest  are  generally  a  long  way  fix>m  being 
the  least  costly;  for  the  extra  weight  of  material  used,  often  brings  the 
actual  cost  up  to  a  level  with  the  dearer,  but  better-finished  and  lighter 
forgings.  Where  cheapness  of  first  cost  is  the  rule,  though  accepted  as  the 
cheapest,  it  will,  in  all  probability,  be  the  dearest  in  the  end. 

In  concluding  this  short  paper,  we  would  observe,  that  the  opinions  and 
t»eta  here  developed  (although  the  result  of  long  practical  experience)  have 
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been  put  together  at  a  short  notice,  dniing  the  pressure  of  onerous  busluess 
engagements,  which  permitted  but  little  tune  to  be  devoted  to  the  subject. 
The  author  does  not  for  a  moment  pretend  to  treat  this  important  subject  in 
the  scientific  manner  that  it  deserves ;  but,  when  requested,  he  gave  his  humble 
assistance  to  farther,  though  in  a  slight  degree,  the  development  of  know- 
ledge on  a  subject  which  has  hardly  ever  received  the  attention  of  those 
practically  competent  to  write  upon  it;  but  which,  he  is  convinced,  is  of 
great  and  growing  importance  to  this  country,  as  a  national  manufacture  in 
which  it  stands  proudly  pre-eminent. 

Should,  however,  die  few  remarks  which  we  have  put  together  awaken 
more  inquiry,  and  further  investigation  of  the  subject,  by  those  who  have 
leisure  and  ability  to  pursue  it,  the  author  will  rejoice  that  his  humble  endea- 
vours have  not  been  altogether  in  vain. 
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CHAPTER  XVn. 

STEEL    MANUFACTURE. 

The  snperioT  goalily  of  steel  produced  by  the  British  mannfiactarer  from  the 
best  Swedish  and  RussiaiL  wrought  or  soft  iron,  has  procured  for  him  ahnost 
a  monopoly  of  the  steel  trade  of  the  whole  world.  Steel-works  have  long 
been  established  at  Sheffield,  Birmingham,  and  Newcastle-on-Tyne,  and  exist 
in  a  few  other  places.  Sheffield,  with  its  neighbonrhood,  is  however  the 
chief  seat  of  this  trade ;  and  owes  its  first  establishment,  as  well  as  its  nn- 
paralleled  development,  to  the  possession  of  a  number  of  natural  advantages 
presented  by  no  other  locality  in  an  equal  degree.  Among  these  may  be  named 
its  situation  near  the  south-western  margin  of  the  Yorkshire  coal-basin,  which 
contains  all  the  varieties  of  coal  for  hard  and  soft  coke,  and  also  converting  coal, 
which  the  different  operations  require.  Between  the  Abdy  coal,  near  Wath, 
eleven  nules  north-east  from  Sheffield,  and  the  lowest  of  the  beds  near  the 
town,  there  are  no  less  than  thirty-one  seams  of  coal  in  a  vertical  section  of 
seven  hundred  yards,  sixteen  of  which  seams  are  of  sufficient  thickness  and 
commercial  value  to  be  wrought  in  different  places.  With  the  port  of  Hull, 
which  receives  the  irons  of  Sweden,  Norway,  and  Russia,  Sheffield  has  long 
had  river  and  canal  communication,  and  latterly  by  railway  also.  Building- 
stone,  capable  of  bearing  the  great  heat  of  the  melting  and  converting  fur- 
naces, is  got  near  at  hand,  and  also  excellent  day  for  fire-bricks ;  within  a  few 
miles  westward,  lying  at  the  bottom  of  the  coal  measures,  and  alternating 
with  sandstone  and  shale,  is  found  in  several  places  that  peculiar  black 
clay  for  melting-pots,  which  is  the  only  kind  known  which  will  bear  the 
great  heat  of  the  steel-melting  furnaces.  These  advantages  would  have  been 
insufficient,  especially  in  the  earUer  ages  of  its  establishment,  but  for 
another,  which  made  available  and  thereby  increased  the  value  of  all  the 
rest.  We  refer  to  the  water-power  of  five  small  rapid  mani^eable  rivers, 
which,  rising  on  the  high  lands  of  the  western  moors,  converge  towards  the 
town.  The  Rivelin  and  Loxley  join  within  a  mile  and  a  half  on  the  north-west, 
and  these  are  joined  by  the  Don  within  a  mile  of  Sheffield.  On  the  south-west, 
the  Porter  and  Sheaf  join  dose  to  the  town,  and  they  meet  the  other  united 
streams  within  the  town  itself.  The  river  now  called  the  Don,  proceeding 
towards  Donca8t6r,has  several  steelworks  upon  it  before  reaching  Rotherham 
and  Masbrough,  where  were  the  celebrated  iron  and  steel-works  of  Messrs. 
Joshua  Walker  and  Co.,  now  in  the  hands  of  different  proprietors.  Upon 
these  rivers,  tilts,  forges,  and  other  works  required  in  tiie  manufitctnre  of 
steel,  were  erected  long  before  steam-power  was  applied  to  similar  purposes, 
iixsA  when  water-power  was  necessary  to  the  very  existence  of  the'  sted  trade. 
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We  shall  now  state  the  object  of  each  operation,  and  the  way  in  which  it  is 
perf)nned. 

To  nndeistand  the  process  by  which  the  mannflEkcturer  converts  bar-iron 
into  steel,  we  must  first  consider  the  difference  in  the  composition  of  cast* 
iron,  nr^nght-iron,  and  steel.  Wrought  or  soft-iron  may  contain  no  carbon, 
and,  if  perfectly  pure,  would  contain  none,  nor  indeed  any  other  impurity; 
but  this  is  a  state  to  be  desired  and  aimed  at,  but  it  has  never  yet  been 
perfectly  attained  in  practice.  The  best  as  well  as  the  commonest  foreign 
irons  always  contain  more  or  less  carbon,  and  occasionally  present  pieces  qo 
steel-rank  (as  some  of  the  old  converters  call  it)  as  to  be  capable  of  being 
hardened.  Carbon  may  eiist  in  iron  in  the  ratio  of  65  parts  to  10,000, 
without  assuming  the  properties  of  steel.  If  the  proportion  be  greater  than 
that,  and  anywhere  between  the  limits  of  65  parts  of  carbon  to  10,000  parts 
of  iron,  and  2  parts  of  carbon  to  100  of  iron,  the  alloy  assumes  the  properties 
of  steel.  In  cast-iron,  the  carbon  exceeds  2  per  cent,  but  in  appearance  and 
properties  it  differs  widely  from  the  hardest  steel.  These  proportions,  although 
we  quote  them,  are  somewhat  doubtful;  and  the  chemical  constitution  of 
these  three  substances  may,  perhaps,  be  regarded  as  still  undetermined. 

There  seems,  however,  no  reason  to  doubt  that  in  steel,  carbon  exists  in 
•chemical  combination  with  iron,  but  in  some  much  lower  proportion  than 
ihe  carburet.  In  cast  iron,  it  is  not  impossible  that  it  may  exist  in  two  states — 
namely,  as  a  carburet  difiused  through  the  mass,  and  also  in  that  state  which 
with  wrought-iron  constitutes  steel ;  for  cast-iron  has  this  property  in  common 
with  steel,  that,  when  cooled  quickly  by  casting  it  into  metal  moulds  called 
•chills,  as  is  done  for  rollers  and  the  faces  of  tilt  and  forge-hammers,  the  surface 
of  the  cast-iron  becomes  nearly  as  hard  as  hardened  steel ;  and  cast-iron  is 
itlso,  like  steel,  capable  of  being  softened  by  the  process  of  annealing. 

The  conversion  of  wrought-iron  into  a  substance  resembling  cast-iron,  in 
many  of  its  characters,  by  subjecting  its  particles  for  some  time  to  a  state 
of  vibration,  without  any  chemical  change  in  its  composition  taking  place, 
seems  to  indicate  that  the  different  properties  of  these  three  materials  may 
depend  on  other  circumstances,  besides  the  proportion  the  carbon  bears  to 
the  iron.  Various  other  bodies,  such  as  phosphorus,  silica,  sulphur,  and 
manganese,  occur  in  small  proportions,  and  must  be  regarded  as  impurities 
in  steel.  Sulphur  and  phosphorus  especially  are  highly  injurious  to  the 
quality  of  iron,  and  are  with  great  difficulty  separated  from  it.  Some  have 
even  considered  manganese  essential  to  steel;  but  where  its  action  can  be 
^beneficial,  it  seems  to  be  by  entering  into  combination  with  silica  and  other 
impurities. 

In  those  melting  furnaces  where  manganese  is  used,  it  is  put  into  tiio 
melting  pot  with  the  steel  to  the  extent  of  two,  three,  or  four  ounces,  and 
with  it  a  little  charcoal  also,  if  the  steel  requires  more  carbon.  When  the 
steel  is  melted,  the  manganese,  with  other  impurities  contained  in  the  steel,  is 
found  floating  at  the  top  as  a  greenish  glassy  scoria,  which,  being  removed, 
takes  those  impurities  along  with  it,  and  in  that  way  improves  the  quality  of 
those  common  kinds  of  steel  to  which,  for  the  most  part,  its  use  is  limited. 
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The  best-marks  iron  contain  no  appreciable  quantity  of  manganese,  nor 
can  steel  made  from  them  be  at  all  improved  by  its  use. 

Cast-iron  is  described  as  *'  hard,  brittle,  fusible  at  a  high  temperature ;  but 
neither  malleable  nor  capable  of  being  welded  at  any  temperature."  This,  as 
a  general  description,  is  true ;  but  must  now  be  taken  with  due  allowance  as 
to  the  brittleness,  for  we  see  in  Sheffield  every  day  articles  of  cast-iron, 
which  were  brittle  when  cast,  made  soft  by  subsequent  annealing.  The  most 
extraordinary  results  are  produced  in  this  way  by  Mr.  John  Crowley,  who  has 
paid  great  attention  to  the  chemistry  of  this  difficult  subject.  He  makes  a 
great  variety  of  articles  used  in  machinezy,  which,  when  cast,  are  as  brittle  as 
glass ;  but  after  being  annealed  for  seveitJ  days  in  close  vessels,  come  out  so 
soft  as  to  bear  bending  and  twisting  as  easily  as  the  softest  wrought-iron. 

Wrought  iron  is  soft,  tough,  almost  infusible,  malleable  when  heated  to  a 
red-heat,  and  capable  of  being  welded  at  a  higher  temperature. 

Steel  differs  from  ^\Tought-iron  in  possessing  this  remarkable  property, 
that  when  heated  to  a  red-heat,  and  suddenly  cooled  by  being  plunged  into 
cold  water,  or  by  any  other  method,  it  acquires  a  great  degree  of  hardness. 
If  the  steel  be  converted  into  what  is  called  a  melting  heat,  it  will  by  this- 
treatment  be  made  hard  enough  to  scratch  glass.  This  extreme  hardness 
may  be  reduced  to  almost  any  degree  of  softness  required  by  gradually  heat- 
ing the  steel  (after-  having  rubbed  part  of  its  surface  bright),  and  observing 
the  change  of  colour  produced  by  the  commencement  of  oxidation.  This 
operation  is  called  tempering.  The  first  visible  tinge  of  yellow  somewhat 
increases  the  toughness,  without  perceptibly  reducing  the  hardness.  A 
deeper  yellow,  approaching  to  orange,  is  a  suitable  temper  for  razors,  pen- 
knives, and  tools  for  turning,  planing,  chipping,  or  boring  metals ;  a  deeper 
orange  is  required  for  joiners*  edged  tools  and  table  cutlery;  and  a  blue  for 
springs.  If  the  heat  be  carried  farther,  while  white  succeeds  to  blue,  the 
steel  will  be  nearly  as  soft  as  when  it  left  the  hammer  before  it  was  hardened. 

Thoroughly  converted  blister-steel  is  brittle,  and  can  be  easily  broken  by 
the  blow  of  a  hammer,  or  even  by  a  smart  blow  on  its  edge,  over  the  edge 
of  an  anvil ;  but  after  being  heated  and  hammered,  its  tenacity  is  so  maik 
increased,  that  an  unskilful  person  would  have  great  difficulty  in  breaking  it 
by  any  means  he  could  think  of.  Taken  in  this  ptate,  and  properly  hardened 
and  tempered,  it  is  veiy  elastic.  At  a  red-heat  it  is  malleable,  at  a  white- 
heat  it  may  be  welded  either  to  another  piece  of  steel  or  to  iron,  and  at  a  still 
higher  temperature  it  is  fusible,  and  may  be  made  into  cast-steel  by  melting, 
in  a  crucible. 

To  convert  iron  into  steel,  the  English  method  is  to  take  best  Swedish 
or  Eussian  wrought  or  bar-iron,  and  subject  it  for  some  time  to  a  high  degree 
of  temperature  in  contact  with  small  pieces  of  wood>charcoal  in  dose  vessels, 
so  as  totally  to  exclude  the  air.  The  quality  of  the  Swedish  and  Russian 
wrought-iron  brought  into  this  country  is  distinguished  by  trade  marks  im- 
pressed on  the  bars.  Certain  of  these  marks,  called  hoop  L,  GL,  and  double 
bullet,  are  known  in  the  trade  as  "  best "  marks.  The  Briti^  manufkctorera 
have  been  supplied  with  them  more  than  a  century  by  Messrs.  Joseph  Sykes 
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wad  Sons,  of  Hull,  through  whom  also  they  have  received  a  great  part  of  the 
make  of  several  of  the  other  marks  known  as  second  marks,  some  of  which 
are  nearly,  if  not  fiilly ,  equal  to  those  called  best  in  quality.  The  second  marks 
are  W  and  crown,  GF  hoop  S,  J£  and  crown,  gridiron,  Steinbok,  S  and  dots ; 
and  with  these  might  rank  one  quality  of  Norwegian  iron.  These^  with  an 
occasional  importation  of  less  known  marks,  and  a  large  quantity  of  the  Bus- 
fiian  iron  GCND,  belonging  to  Count  Demidoff,  made  in  different  parts  of 
his  extensive  estates,  and  which  varies  more  than  most  other  irons  in  quality 
on  that  account,  were  the  chief  sources  of  supply,  and  were  sufficient  to  meet 
the  demand  up  to  the  peace  of  183  5.  It  was  the  custom  of  some  of  the  manu- 
facturers of  that  day  to  break  up  their  blister-steel  with  their  own  hands,  to 
examine  and  apply  it  to  the  purposes  for  which  they  judged  it  to  be  best 
suited ;  and  as  it  again  came  under  their  review  in  the  subsequent  processes 
of  steel-making,  and  often  also  of  being  made  into  goods,  they  became  tho- 
roughly acquainted  with  the  properties  of  the  various  marks  in  use,  and  con* 
aidered,  with  reason,  that  their  reputation  as  manufacturers  depended  upon 
the  judicious  application  of  the  material. 

So  strong  was  the  preference  or  prejudice  in  fieivour  of  the  well-known 
marks,  and  the  fear  of  loss  of  rejgutation  which  might  follow  the  use  of  any 
new  sort,  that  it  would  have  been  found  almost  impossible  to  introduce  any 
other,  even  at  a  greatly  reduced  price,  if  it  had  been  possible  to  increase  the 
supply  of  the  old  marks. 

Though  the  magnetic  iron  ore  of  Sweden  is  abundant,  the  quantity  of  iron 
that  can  be  made  from  it  is  limited  by  the  quantity  of  wood  for  charcoal  that 
can  be  grown  within  a  moderate  distance  of  the  works.  What  the  steel 
manufacturers  were  veiy  reluctant  to  do,  was  at  length  forced  upon  them  by 
the  necessi^  of  the  case ;  and  iron  made  from  the  htematite  ore  of  Sweden 
came  gradxudly  into  extensive  use. 

In  this  change,  which  began  to  take  place  about  1820,  Messrs.  Cowie  and 
Brandstrom  of  Hull  may  be  regarded  as  the  pioneers.  The  latter,  a  Swede, 
confined  his  labours  chiefly  to  the  selection  of  the  best  made  irons  in  his  own 
country,  while  his  inde&tigable  partner  had  the  greater  labour  of  inducing  the 
manufiusturers  to  try  them.  He  got  some  of  their  iron  converted  into  steel, 
and  got  articles  of  all  sorts  made  from  it,  which  he  exhibited  as  proo&  of 
the  uses  which  their  irons  were  fit  for.  He  sold  small  quantities  of  the  steel 
to  the  manu&cturers  to  try  for  themselves ;  and,  after  much  opposition,  two 
or  three  of  the  new  marks  so  introduced  began  to  have  an  established  place 
in.  the  market ;  but  in  that  stage  a  new  difficulty  met  the  firm.  Some  of 
the  old-established  iron  merchants  contracted  with  the  proprietors  of  the 
works  for  those  marks,  and  they  were  lost  to  the  introducers,  who  had  again 
to  begin  with  other  new  marks.  They  persevered,  however;  and  by  inducing 
some  proprietors  in  Sweden  to  turn  their  attention  to  the  making  of  a  supe- 
rior iron  for  steel  purposes,  furnishing  them  from  this  country  with  superior 
machinery,  and  making  such  suggestions  as  to  their  knowledge  and  expe- 
rienoe  appeared  to  be  improvements,  they  were  again  enabled  to  introduce 
aeveral  other  marks,  some  of  which  they  lost  as  they  did  the  others;  so  that, 
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on  the  whole,  their  success,  while  benefical  to  the  trade,  was  not  so  remimera- 
tive  to  tliemselves  as  their  indnstiy  deserved.  Thns  hegon,  a  revolution  was 
gradually  but  surely  made  in  the  iron  trade  with  Sweden.  Many  manu&eturers 
hare  improred  their  production,  and  every  year  has  witnessed  the  introductton 
of  new  marks ;  and  with  this  change  came  another.  Formerly  the  trade  was 
supplied  throu^  the  Hull  merchants  only,  who  now  indeed  supply  as  much 
as  ever;  but,  in  addition,  many  of  the  largest  concerns  buy  a  portion  direct 
from  the  makers  in  Sweden,  in  some  cases  contracting  for  the  whole  make  of 
a  forge. 

While  those  changes  were  taking  place  in  Swedish,  a  new  mark  of  Rus- 
sian iron  Kb  was  introduced,  which  proved  the  most  useful  addition  we  have 
yet  received  for  oast-st^l;  and,  fortunately,  there  is  a  good  quantify  of  it 
made.  It  ranks  with  GGND  in  quality,  and  some  prefer  it  to  that  mark  for 
this  purpose. 

Contemporaneously  with  these  changes,  and  to  complete  the  account  of 
materials  used  for  conversion  into  steel,  it  ought  to  be  mentioned  that  British 
irons  for  such  purposes  as  do  not  require  a  hard  conversion,  are  extensively 
used ;  and  some  of  them  answer  the  purpose  remarkably  well.  Of  these  the 
Low  Moor  and  Bowling  irons  are  perhaps  the  best — at  least,  they  are  the  best 
known,  and  obtain  the  highest  price ;  they  have  been  in  use  many  years  for 
forks,  mill-saws,  slabs,  and  springs. 

Of  the  different  kinds  of  iron  enumerated,  the  best  and  second  marks  made 
of  the  magnetic  iron  ore  of  Dannemora,  which  is  nearly  pure  black  oxide,  owe 
their  superiority  over  the  other  Swedish  irons  to  their  greater  freedom  from  the 
contamination  of  foreign  substances.  Both  these  irons  and  the  marks  made 
from  haamatites  are  superior  to  the  British  for  steel  purposes,  because  both 
are  made  with  charcoal  only.  The  argillaceous  iron  ores  of  Britain  are  more 
difficult  to  reduce  and  to  obtain  free  from  sulphur  than  either  of  the  others, 
and  the  use  of  coke  fiirther  deteriorates  their  steel-making  quality,  as  is  made 
apparent  by  the  experiments  made  on  Swedish  pig-iron  when  wrought  into 
bars  in  Elngland.  Even  Swedish  blooms,  which  have  been  heated  and  welded 
in  our  coke  fires,  and  drawn  into  bars,  are  found  to  be  deteriorated  thereby. 

In  one  respect,  British  iron  is  better  than  the  Swedish.  It  is  made  sounder 
and  more  free  from  flaws,  the  high  temperature  obtainable  in  our  fires,  and  the 
great  weight  and  excellence  of  the  machinery  in  our  large  iron-works,  enabling 
the  ironmasters  to  do  this. 

The  converting  furnace  consists  of  two  rectangular  chests,  technically 
called  a  pair  of  pots,  made  of  silicious  freestone,  capable  of  bearing  a  great 
degree  of  heat  unchanged.  The  stone  is  cut  at  the  quarry  into  rectangular 
pieces,  all  six  inches  thick,  and  so  arranged  as  to  form,  when  put  together,  two 
chests  of  the  dimensions  required.  They  are  usually  from  twelve  to  fourteen 
feet  long,  and  about  three  feet  six  inches  wide  and  deep.  The  chests  should 
be  supported,  even  where  the  ground  is  tolerably  &vourable,  upon  about  four 
feet  of  solid  masony ;  for  it  is  of  the  greatest  consequence  that  there  should  be 
no  sinking  or  giving  way  of  the  foundation,  so  as  to  crack  the  chests  and 
admit  air,  which  would  spoil  the  conversion.    The  masonry  should  finish 
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with  a  course  of  fire-brick ;  and  upon  that  again  is  laid  cross-walls  of  fire- 
brick, ten  inches  thick  and  tiiie  same  distance  apart,  upon  which  the  chesta 
will  immediately  rest, 
while  the  brick  divi- 
sions form  flues  un- 
derneath them.  The 
two  chests  are  indi- 
cated in  the  engraving 
(Fig.  1),  which  repre- 
sents the  converting- 
furnaces  at  right  an- 
gles to  their  length. 
The  diests  are  placed 
eighteen  inches  from 
and  parallel  to  each 
other;  and  the  space 
between  them  is  divi- 
ded into  flues,  corre- 
sponding with  those 
which  i>ass  under- 
neath, up  the  opposite 
side,  and  at  the  ends 
of  the  chests,  into  the 
fire-brick  vault  which 
covers  them  alL 

This  vault  has  an 
arched  opening  at  ^ 
each  end,  large  enough  ^s:-;-^^.- 
for  a  man  to  creep  .Hf 
into  when  it  is  re-  ^-^ 
quired  to  lay  in  iron 
or  take  out  steel;  at 
other  times  they  are  bricked  up  temporarily,,  and.  plastered  with  clay  or 
wheelswarf.  There  are  also  two  small  temporary  openings,  one  over  each 
chest,  through  which  bars  can  be  put;  and  in  these  a  piece  of  sheet-iron  is  laid 
when  so  used,  with  the  edges  turned  up,  to  pass  the  bars  more  easily  and 
prevent  injury  to  the  brick-work. 

Out  of  the  vault  rise  three  small  chimneys  on  each  side  opening  into 
the  large  cupola,  which  carries  the  smoke  to  a  considerable  elevation,  and 
prevents  the  wind  from  having  much  effect  upon  the  draught  of  the  furnace 
fixe.  The  fire-grate  is  under  the  middle  row  of  flues,  and  the  whole  length  of 
the  chests.  It  has  a  strong  metal  door  at  each  end,  which  is  kept  dose  shut, 
except  when  a  fresh  charge  of  coal  is  being  put  ih.  The  fire-brick  work  and 
also  the  chests  are  built  with  ground  clay  and  water,  mixed  to  a  proper  con- 
listenoe,  instead  of  lime  mortar.  The  following  ground-plan  (Fig  2) ,  represents 
the  foundation- walls  of  two  convertmg  furnaces  and  cellars.    Over  the  large 
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cellar  is  the  ironhouBe.  The  walls,  in  this  instance,  are  foitned  of  rubble-stoftie, 
faced  with  brick,  and  the  plan,  with  the  dimensions,  are  taken  from  two  inniaoes 
erected  in  1856. 

The  first  thing 
the  converter  and 
men  under  liim 
do,  is  to  prepare 
the  iron,  the  bars 
of  which  are  prin- 
cipally from  two 
to  tliree  inches 
broad  and  five- 
eigliths  to  three- 
fourths  of 
inch  thick,  ex- 
cept where  they 
are  required  for 
railway  springs, 
and  then  they 
are  made  from 
three  and  a  quar- 
ter to  four  inches 
in  breadth.  They 
are  prepared  by 
straightening  the 
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crooked  bars,  so  that  they  may  lie  evenly  in  the  cheetB,  a&d  byenttinp  soeh 
of  them  as  are  too  long  abont  three  inches  shorter  than  the  oheats,  bo  as  to 
allow  for  the  expansion  of  the  iron  when  hot.    This  done,  the  ban  are 
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ready  for  laying  in.  The  conyerier  gets  into  one  of  the  chests,  and  an 
assistant  hands  him  through  the  man-hole, a  basketful  of  charcoal;  so 
much  of  which  as  he  judges  sufficient  he  spreads  upon  the  bottom  of 
the  chest,  making  it  as  level  as  he  can  with  a  straight^edged  piece  of 
board.  The  assistant  now  hands  him  bars  through  one  of  the  small 
openings,  broad  or  narrow,  thick  or  thin,  of  one  mark  or  another,  if  the 
heat  is  of  different  marks,  as  he  is  directed  by  the  converter,  who  lays 
them  upon  the  charcoal  flat^side  downwards,  taking  care  that  they  do  not 
reach  either  end  by  an  inch  at  the  least  With  the  short  pieces  he 
matches  up  those  bars  which  are  too  short  for  the  chest.  The  edges  of  the 
bars  are  laid  so  as  to  touch  each  other,  or  nearly  so,  without  any  particular 
allowance  for  expansion  in  that  direction ;  the  inequalities  in  the  bars  being 
sufficient  for  that  purpose,  seeing  that  the  last  bar  of  a  course  never  fits 
exactly.  A  layer  of  bars  being  laid  in  the  chest,  and  covered  about  half  an 
inch  thick  with  charcoal,  bars  and  charcoal  are  then  laid  alternately,  until 
the  chest  is  nearly  full,  fiuiahing  with  a  thicker  layer  of  charcoal  than  usual 
over  the  top.  The  other  chest  is  filled  in  exactly  the  same  manner,  after 
which  both  are  covered  over  with  firom  four  to  five  inches  in  thickness  of 
wheelswarf,  as  the  grit  from  the  grindstone  is  called,  and  which  may  be 
had  at  the  gnnding-wheels  for  carting  it  away.  This  grit  contains  a  portion 
<tf  iron  and  steel,  and  their  oxides,  in  minute  division,  intimately  mixed  with 
the  grit,  which  seems  to  possess  the  valuable  property  for  this  purpose  of 
undergoing  a  partial  fusion  when  hot,  and  forming  a  kind  of  oindexy  slag, 
which  perfectly  protects  the  steel  underneath  from  the  action  of  the  air. 

Each  furnace  has  a  square  opening  of  about  five  inches  m  the  centre  of  the 
end  of  one  of  the  chests,  which  is  continued  through  the  walls  to  the  outside 
of  the  furnace,  into  which  two  or  three  bars,  called  tap-bars,  are  laid,  partly  in 
and  partly  out  of  the  chests,  but  in  such'  a  manner  that  they  can  be  drawn 
out  when  required.  To  prevent  access  of  air  to  the  chest,  the  rest  of  the  open* 
ing  is  carefully  fiUed  up  with  fine  ashes,  well  rammed  in.  1  he  man-hc^s  and 
small  openings  are  now  made  up  as  before  mentioned ;  a  fire  of  coals,  which 
had  been  previously  prepared,  is  put  upon  the  grate  at  both  ends,  and  will  now 
require  constant  attention  day  and  night  for  six,  seven,  or  ei^ht  days.  The 
fire  is  raised  gradually,  and  the  intensity  of  it  regulated  solely  by  the  experi- 
ence and  judgment  of  the  converter,  he  having  no  instrument  of  the  nature  of 
a  pyrometer  to  guide  him. 

The  coal  suitable  for  converting  is  such  as  will  bum  away  in  a  good  draught, 
leaving  scarcely  any  residuum  but  white  ashes,  which  fall  between  the  bars 
into  the  ash-pit  That  coal  which  iu  burning  runs  together  into  a  mass  of 
large  dnder  would  not  do  at  all,  because  in  that  state  it  would  stop  the 
draught  from  passing  between  the  grate-bars  through  the  fire.  When  fresh 
coal  has  to  be  put  on,  the  fire  is  first  levelled  with  a  long  coal  rake,  or  rather 
long  hook,  being  a  rod  of  round  iron  with  about  four  inches  at  the  end  turned 
at  right  angles ;  another  smaller  rod  is  occasionally  passed  between  the  grate- 
bars  to  clear  away  any  obstruction.  Large  pieces  of  coal  are  tlirown  in  ddeAy 
by  the  hand,  very  little  being  used  so  small  as  to  require  a  shovel ;  and  when  one 
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end  of  the  grate  is  filled,  the  converter  proceeds  to  fill  the  other,  or  another  mmi 
does  it  at  the  same  time.  Each  firing  will  take  from  4  to  &  cwt.  of  coal,  and  will 
require  renewal  every  2|  or  3  hours;  and  a  heat  of  steel  conTeximg  wiB  re- 
quire, on  the  average,  12  or  13  tons  of  coal,  or  more,  according  to  the  size  of 
the  furnace  and  the  time  required.  Most  of  the  charcoal  used  is  made  by  the 
P3rroligneous  add  monu&cturers  of  the  nei^bourhood.  It  does  not  appear  ta 
be  of  4ny  consequence  what  kind  of  wood  is  used  for  the  charcoal — aH  kinds  do 
equally  well ;  but  oak-billets  burned  in  retorts,  and  afterwards  ground  or  broken 
down  to  about  the  size  of  horsobeans,  is  the  kind  principally  used,  for  no  other 
reason,  however,  than  that  it  is  most  easily  obtained.  Another  kind  of  charcoal, 
called  rammel,  is  made  by  burning  the  small  branches  in  the  woods ;  and  some 
converters  prefer  it  for  those  heats  which  do  not  require  a  hard  oonvendon. 

A  furnace  of  the  size  generally  preferred,  will  hold  finom  10  to  18  tons  of 
iron.  In  larger  furnaces,  the  steel  cannot  be  so  equally  converted;  and  in 
smaller,  the  conversion  costs  more  per  ton.  The  iron  is  considered  to  gain 
about  four  pounds  to  the  ton  in  this  process ;  but  this  will  depend  upon  the 
kind  of  heat  used,  whether  a  mild  one  for  springs  or  a  hard  one  fbr  melting ; 
but,  after  all,  the  gain  in  weight  must  only  be  regarded  as  an  approximation : 
how  much  of  it  is  due  to  charcoal-dust  adhering  loosely  to  the  bars,  and  how 
much  to  carbon  taken  up  chemically  by  the  iron  in  forming  steel,  has  not 
been  determined  with  much  accuracy.  The  weighing  into  and  out  of  the 
fhmace  is  never  done  with  the  nicety  wMch  the  settlement  of  such  a  question 
would  require. 

Converting-furnaces  are  well  worked  if  from  fourteen  to  sixteen  heats  are 
got  out  of  them  in  a  year.  'When  the  fire  has  been  continued  so  long  that  the 
degree  of  conversion  desired  is  supposed  to  be  nearly  attained,  one  e^  the  tap- 
bars  is  drawn  out  and  the  opening  stopped  up.  When  cold,  H  is  broken ;  and 
by  its  appearance  a  judgment  is  formed  of  the  state  of-  the  whole,  and  the 
firing  regulated  accordingly.  In  a  few  hours  more  a  second  bar  is  drawn,  and 
the  progress  made  in  the  interim  observed ;  this  is  a  further  guide  for  the 
continuance  of  the  fire  for  some  thne  longer,  or  foraBowing  it  to  go  oat  as  the 
ease  may  require. 

Easy,  simple,  and  certain  as  it  appears  for  a  person  of  experience  to  judge 
of  the  conversion  of  bar-steel  by  the  appearance  of  its  fracture,  it  is  quite 
impossible  to  convey  that  knowledge  to  a  stranger  by  any  form  of  words ;  he 
must  see  the  steel,  and  have  all  those  differences  pointed  out  to  him  before  he 
can  distinguish  between  hard  and  soft  steel  for  himself. 

The  whole  quantity  put  into  a  converthig-fumace  at  one  time  is  called  a 
heat  of  steel ;  and  according  to  the  degree  of  carbonization  required  it  ia 
caDed  a  spring-heat,  a  cutler's-heat,  a  ehearheat,  a  file-heat,  or  a  melting-heat. 
When  the  fire  is  let  out,  the  furnace  requires  no  attention  for  three  or  four 
days.  By  that  time  the  man-holes  may  be  opened  to  allow  a  draught  of  air 
through,  to  hasten  the  cooling ;  and  in  a  few  days  more  it  will  be  cool  enough 
for  a  man  to  enter  in  order  to  break  the  covers  off,  and  take  out  the  steel* 
which  is  generally  done  while  the  steel  is  still  too  hot  to  be  taken  out  with 
the  bare  hands.    The  men's  hands  are  protected  in  doing  this  by  sevenJ 
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thieknesses  of  coarse  cloth.    Some  of  the  chaicoal,  when  the  small  dust  is 
sifted  from  it,  will  be  fit  to  use  again,  mixed  with  fresh  charcoal. 

Sleel  obtained  by  this  process  is  never  quite  equally  converted.  Near  the 
bottom  and  sides  of  the  chests  it  is  more  carbonized  than  in  the  middle ;  and 
this  is  trae  also  of  eyezy  single  bar,  the  external  being  more  converted  than 
the  internal  parts.  A  good  converter  can  produce  more  uniformity  in  the 
whole  heat  than  might  be  expected,  by  laying  the  thinnest  bars  where  he 
knows  they  will  get  the  least  fire ;  or  if  the  heat  consists  of  marks  of  different 
kinds,  and  equality  is  desired,  he  will  lay  the  poorest  irons  in  that  situation. 
It  often  happens  that  the  same  heat  is  intended  to  serve  more  than  one  pur- 
pose— ^for  example,  to  be  made  into  bar-steel  files,  and  shear-steel ;  in  that 
case  the  file-steel  should  have  the  most  conversion.  Bar-steel  is  also  called 
blister-steel,  on  account  of  the  blisters  raised  upon  it  in  this  process.  Large 
irregular  blisters  may  be  taken  as  an  indication  of  inferior  iron.  When  the 
iron  is  unijbrm,  the  blisters  are  more  uniform ;  but  still  vary  from  small 
pimples  to  half  or  three-quarters  of  an  inch.  This  refers  to  steel  made  from 
foreign  marks  only.  little  reliance,  however,  must  be  placed  on  the  size  of 
the  blisters  as  indications  of  the  quality  of  steel ;  for  if  small  blisters  were  a 
proof  of  quality,  steel  from  British  iron  would  be  betteir  than  best  marks. 

The  bhsters  are  doubtless  owing  to  some  impurities  in  the  iron,  which 
in  the  furnace  take  the  gaseous  form,  and  raise  the  blisters  by  the  force 
of  their  elasticity.  What  those  gases  are,  is  unknown;  but  it  is  known 
that  whatever  the  impurities,  they  are  got  rid  of  in  the  crucible  of  the 
myelting  fiiinace  when  bar-steel  is  made  into  castrsteel,  of  which  the  follow- 
ing proof  may  be  given : — For  a  certain  purpose  it  is  desirable  to  make 
the  outside  of  a  bar  of  cast-steel  harder  than  the  middle ;  and  to  do  this, 
ingots  of  cast-steel  may  be  drawn  down  under  the  forge-hammer  to  nearly 
the  size  required,  and  ^en  the  extra  dose  of  carbon  may  be  given  by  bedding 
them  in  charcoal  in  the  converting-furnace,  like  bars  of  iron.  Cast-steel  so 
treated  will  have  no  blisters,  and  may  be  finished  under  the  hammer. 

When  large-sized  square  bars  are  to  be  converted  for  the  files  called 
**  rubbers,"  the  carbon  will  not  penetrate  deep  enough  at  once,  nor  will  all  the 
four  sides  be  converted  alike,  but  the  two  which  lie  upward  and  downward 
will  receive  the  most  carbon;  so  that  on  being  converted  the  second  time, 
the  other  two  sides  should  be  laid  in  that  position. 

When  and  by  whom  the  present  method  of  converting  iron  into  steel 
began  to  be  practised  is  not  recorded.  The  oldest  furnaces  remembered 
by  persons  now  living,  were  on  the  same  principle  as  those  in  use  at  the 
present  day:  this  would  cany  the  method  back  about  a  century ;  but  it  is  pro- 
bably much  older.  The  earliest  furnaces  we  have  any  knowledge  of  were 
built  entirely  above-ground;  and  whatever  the  strength  and  thickness  given 
to  the  walls,  they  were  liable  to  crack  firom  the  expansive  force  of  the  heated 
materials,  thus  giving  admission  to  air.  Where  the  air  could  also  get  access 
to  the  steel,  its  effect  was  to  spoil  the  entire  heat.  In  most  cases  the  admis- 
sion of  air  takes  place  while  the  heat  is  cooling,  and  its  effect  upon  the  steel 
ia  completely  to  decarbonize  it  to  a  depth  varying  from  the  thickness  of  a 
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sheet  of  paper  to  the  tenth  of  an  inch  from  the  suriaoe.  That  this  decarboii« 
ization  has  taken  place  may  he  known  hy  the  led  colour  of  the  har,  even 
withont  breaking  it  When  broken,  the  bar  appears  like  the  others  in  the 
centre,  but  with  a  skin  of  very  bright,  shining,  and  soft  iron  sonoonding  it, 
which  is  extremely  tough  and  will  not  hnden.  All  such  ban  must  go  into 
the  fdmace  again  to  be  reoonTcrted. 

Many  improvements  suggested  from  time  to  time  by  experience  have  been 
made  in  the  details  of  the  oonstraotion  oi  conyerting-fdinaces ;  but  ncme  so 
important  as  that  of  pladng  the  working  part  of  the  furnace  under  the  8iir« 
face^level,  thus  making  use  of  the  solid  ground  to  resist  the  expansive  foroe 
of  the  heated  furnace. 

It  is  popularly  believed  that  converting  iron  into  steel  is  an  expensive 
process,  which  may  have  arisen  from  comparing  the  price  of  best  bar-steel 
with  the  price  of  British  iron.  Hence,  several  methods  have  been  proposed 
for  converting,  all  of  which  would  so  £Eur  exceed  in  expense  the  efficient  method 
now  practised,  that  it  may  be  presumed  their  authors  would  never  have  puhi 
lished  them  had  they  known  the  small  expense  at  which  the  present  method 
is  conducted. 

In  former  times,  T7hen  the  fomaoes  were  made  to  hold  eight  or  nine  tons, 
the  charge  for  converting  for  hire  was  50«.  per  ton.  About  forty  years -ago, 
when  they  held  about  twelve  tons,  it  was  reduced  to  46f . ;  since  then  reduo- 
tions  have  been  effected  to  40«.,  8&«.,  82«.,  80#.,  S8f.,  and  20«.,  which  kstmay 
be  the  price  at  which  whole  heats  of  spring-steel  is  converted  at  the  present 
time.  Ends  of  bar-steel  reconverting,  and  scrap-steel,  are  charged  price  and 
half,  and  double  price,  according  to  Gircumstances. 

One  of  the  most  extensive  uses  to  which  blister- steel  was  foimeriy  put 
was  the  making  of  files,  for  which  puipoee  the  loose  parts  of  the  bars  (by 
which  is  meant  the  parts  which  were  not  welded  sound  in  the  making)  were 
broken  out,  and  the  sound  parts  tilted  to  the  proper  size  and  applied  to  this 
purpose.  These,  when  ground  ready  for  cutting,  would  present  no  outward 
appearance  of  flaws;  but  the  cutter's  chisels  would  often  penetrate  parts 
which  were  unsound,  occasioned,  apparently,  by  a  white  powder  embedded 
in  the  steel :  to  distinguish  this  from  the  effects  of  imperfect  welding,  it  was 
called  white-loose.  It  was  a  source  of  great  annoyance  to  the  file-makers  by 
spoiling  the  appearance  of  their  files,  and  causing  them  to  be  sold  at  an  in- 
ferior price,  as  wasters.  They  complained  of  it  many  years,  yet  nobody  cared 
to  apply  a  remedy,  though  it  admitted  of  a  very  simple  one,  and  ^e  case  is 
cited  to  show  how  difficult  it  is  to  get  people  to  change  their  mode  of  working ; 
when  at  length,  about  twenty  years  ago,  Mr.  Ekman,  an  emiuent  iron-master 
of  Sweden,  came  to  Sheffield,  and  was  shown  some  files  in  the  cut  state  with 
this  foult;  he  expressed  an  opinion  that  he  knew  what  it  was,  and  could 
send  a  few  bars  for  trial  which  he  expected  would  be  free  from  it.  He  did 
so ;  they  were  converted,  but  not  used  until  his  next  visit  to  Sheffield,  when 
the  trial  was  made  in  his  own  presence.  The  cause  had  been  found  and 
the  remedy  applied :  the  files  were  without  white-loose.  He  then  explained 
the  cause  of  white-loose  by  saying—*'  In  my  country  we  use  wood-asheSr 


Digiti 


ized  by  Google 


SIHOLX  AND  DOUBUB  SHXAB-flTBBL.  845 

in  Hiie  same  way  that  you  oae  weUting-sand  at  your  forge,  when  we  weld 
blooma ;  and  it  is  nothing  hut  wood-ashes  mixed  with  the  iron.  The  bam  I 
sent  yon  I  saw  made,  and  would  not  allow  the  men  to  use  ashes."  This  may 
be  a  Qselnl  hint  to  some  other  Swedish  iron-masters  even  now. 

Bar-<teel  from  the  eonyerting-liimace  is  made  into  single  shear-steel  and 
dooble  shear-eteel,  which  will  differ  in  qoality  and  valne  with  the  qnality  of 
the  bax^steel  from  whioh  it  is  made,  and  the  judgment  and  care  of  the  person 
who  selects  the  steeL  This  name  was  given  to  it  because  it  was  the  kind 
used  for  the  blades  of  shears,  fonnerly  employed  for  cropping  woollen  cloths. 
Single  shear-steel  is  distinguished  by  a  single  representation  of  a  pair  of 
those  shears,  and  double  shear  by  two. 

Another  distinetionindioating  the  hardness  of  double  shear  was  adopted 
by  Messrs.  Walker.  Wh6nharderthannsual,itwas  double  spur;  and  when 
88  hard  as  it  eould  be  made,  it  was  double  spur  and  double  star.  The  two 
latter  never  ought  to  be  attempted  in  any  but  the  best  of  the  second  marks. 

Good  shear-eteel  may  be  made  by  following  the  practice  of  a  maker  who 
had  a  hi^  reputation  for  it,  which  was  this : — He  used  GL,  W  and  crown, 
and  GF  bar-iron,  converted  to  a  hard  shear  heat;  broke  the  bars  himself 
into  pieces  about  sixteen  inches  in  length,  carefully  examining  both  ends. 
Such  as  he  judged  unfit  for  the  purpose  were  put  into  two  different  places — 
one  to  be  reeonverted,  the  other  to  be  melted.  That  which  was  suitable  was 
divided  into  four  classes,  according  to  the  degree  of  conversion  each  had 
received.  The  lowest  degree  received  a  chalk-mark  lengthwise  of  the  bar, 
which  was  understood  to  mean  that  it  was  suitable  for  table  cutleiy .  The  next, 
being  thorou^y  converted,  was  fit  for  tools,  and  such  as  was  sent  as  double 
shear  into  the  eountiy:  this  he  did  not  mark.  The  next  was  harder,  and  would 
do  for  double  spur,  or  for  such  small  sizes  of  double  shear  as  had  to  be  toted 
after  leaving  the  forge.  He  marked  this  H,  and  the  hardest  HH.  By  this 
care  in  sorting  the  steel,  a  much  better  article,  with  a  higher  degree  of  uni- 
formity, resulted  than  could  have  been  produced  by  the  indiscriminate  use 
of  the  same  marks  of  bHster-steel. 

IVlth  artides  of  large  dimensions  or  otherwise  difficult  to  produce,  GL 
was  his  fiivourite  mark,  while  W  and  crown  stood  next  The  practice  is  to 
heat  the  pieces  of  bar-steel  to  a  red- heat,  and  draw  them  under  the  forge- 
hammer  to  about  l^  at  H  inch  broad,  by  i  or  fths  of  an  inch  thick ;  six  or 
seven  of  these  pieces  are  laid  one  upon  another,  with  one  end  in  an  iron 
hoop  with  *a  handle  to  it,  while  a  wedge  is  driven  in  to  bind  them  together. 
They  are  now  put  into  a  hollow  coke-fire,  urged  by  a  soft  blast,  whioh 
admits  of  being  regulated  and  heated  gradually  up  to  a  welding  heat: 
during  this  time  the  sur&ce  of  the  bars  is  covered  with  clay  beaten  fine, 
and  applied  during  the  heating  to  exclude  the  air  and  prevent  oxidation. 
When  heated  sufficiently,  they  are  placed  under  the  hammer,  and  care- 
ftilly  welded  together.  Supposing  this  to  be  done  at  a  forge  worked  by 
water-power,  the  hammer  remains  at  rest  while  the  steel  is  heating;  when 
it  is  ready,  the  attendant  at  the  shutdepole,  as  it  is  called,  is  told  to  draw 
the  shuttle*  which  he  does  gently ;  and  as  soon  as  the  hammer  begins  to  rise, 
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the  forgeman  swings  the  heated  ban  upon  the  an^il  before  the  hammer  fiUls 
agam.  The  speed  of  the  hammer  is  regulated  by  throwing  more  or  less  force 
of  water  upon  the  wheel,  which  the  forgeman  directs.  In  welding,  the  speed 
requires  to  be  very  slow,  the  hammer  being  suffered  to  rest  a  moment  between 
each  blow  delivered  upon  the  steel.  'When  the  bars  are  firmly  attached,  the 
speed  is  increased,  and  the  steel  drawn  down  to  about  two  inches  square; 
the  hoop  is  then  detached,  the  end  just  welded  taken  hold  of  with  a  pair  of 
tongs,  and  the  other  end  heated  and  welded  in  the  same  manner.  It  is  now 
single  shear,  and  may  be  finiflhed  to  any  size  required ;  if  ordered  for  any 
flat  size,  such  as  1^  inch  by  ^  inch,  the  flat  way  oi  the  bar  should  ran  in  the 
same  direction  in  which  the  bars  were  laid  together.  This  rule  should  hold 
uniyersaJly,  and  with  double  shear  as  well  as  single  shear- steeL  To  make 
single  shear  into  double  shear,  the  bar  made  as  above  described  is  broken  in 
the  middle,  the  two  pieces  laid  together,  and  welded  a  second  tame,  and  again 
drawn  to  the  required  size.  By  this  doable  operation,  the  steel  becomes 
more  homogeneous,  and  of  a  finer  texture,  fnm  the  mechanical  elongation  of 
the  fibre ;  so  that  any  instrument  made  from  it  will  receive  and  retain  a  finer 
edge.  But  there  is  one  disadvantage  attending  this  second  welding,  which 
often,  without  great  care,  more  than  counterbalanoes  any  advantages  to  be 
derived  from  it,  and  which  would  deter  many  persons  from  empbying  double 
■hear-steel  in  large  square  sizes,  espedally  for  making  screw>taps,  or  for  any 
similar  purpose.  They  would  be  very  likely  to  split  down  the  middle  in  the 
hardening  process,  and  from  the  following  causes : — In  the  second  operation, 
the  finely  powdered  clay  used  in  the  first  welding  not  only  fuses  and  spreads 
on  the  bars,  but  running  between  them,  there  becomes  imprisoned,  thus 
preventing  tiie  necessary  union  of  the  bars.  For  this  reason,  where  the 
size  required  can  be  obtained  in  single  shear,  it  is  more  to  be  depended 
upon  than  the  double  shear,  provided,  of  course,  the  best  bar  is  used  in 
the  manufacture.  When  the  size  required  is  larger  than  can  be  obtained 
at  the  first  welding,  the  extra  size  should  be  got  by  making  it  upon  a  staff. 
This  is  more  troublesome,  and  requires  the  steel,  to  succeed  well,  not  only  to 
be  of  the  very  best  quality,  but  to  be  equally  converted.  This  operation  is  as 
follows : — The  bar  of  single  shear,  which  should  be  as  large  as  it  can  be  made 
in  the  first  instance,  is  welded  upon  one  end  of  a  strong  staff  or  bar  of  steel, 
which  is  to  serve  as  a  handle ;  the  extra  size  being  obtained  by  welding  Qp<m 
this  steel  additional  pieces,  ene  by  one,  singly. 

The  forge-hammer  for  this  purpose  should  be  6  or  7  cwt.,  and  water-power 
is  preferable  to  steam,  because  the  motive  power  being  unconnected  witii  any 
other  machinery,  it  can  be  regulated  so  as  to  run  slow  for  welding  and  fiist 
for  drawing.  Where  steam-forges  are  used,  they  are  generally  in  connection 
with  other  machinery  requiring  an  uniform  motion,  thus  necessitating  an 
uniform  speed  in  the  forge,  which  is  not  so  well  in  shear-steel  making. 

Oast-Steal. — ^This  invention  we  owe  to  Beiy amin  Huntsman,  an  ingenums 
and  skilful  mechanic,  who,  about  the  year  1740,  appears  to  have  perfected 
his  invention,  and  begun  to  make  the  steel  for  sale  which  is  now  known  as 
Huntsman's  castniteel  in  every  civilized  countpry  of  the  world.    It  is  said 
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that  Mr.  Himtsman  first  directed  his  attention  to  the  making  of  a  more  per« 
feet  kind  of  steel  than  any  then  procurable,  because  he  was  annoyed  by  the 
imperfection  of  the  watch-springs  supplied  to  him  in  his  business  of  a  watch- 
maker ;  but  this  was  probably  not  the  moving  cause,  for  he  had  less  to  do 
with  watches  than  with  clocks,  smoke  jacks,  roasting-jacks,  and  other 
mechanical  contrivances,  on  which  he  spent  much  time  and  took  pleasure  in 
exercising  his  skiU,  but  by  no  means  to  the  exclusion  of  other  subjects  of 
investigation,  for  he  was  a  man  to  whom  information  on  all  subjects  was 
welcome.  He  had  a  high  reputation  as  an  oculist,  and  also  for  his  know- 
ledge of  medicine;  his  advice,  therefore,  was  much  sought  after;  and  thus 
he  lived,  at  the  time  he  made  his  experiments  on  steel,  in  the  exercise  of  a 
kind  of  diffusive  benevolence,  at  the  village  of  Handsworth,  near  Sheffield,  a 
respected  and  worthy  member  of  the  Society  of  Friends. 

Mr.  Huntsman's  descendants  have  no  written  records  of  the  early  experi- 
ments made  by  him,  and  the  amount  of  success  or  fiulure  which  attended 
them ;  but  there  have  been  found  at  different  times,  other  memorials,  whieh 
testify  more  impressively  than  words,  that  he  shared  the  usual  fate  of  in- 
ventors in  repeated  losses  and  disappointments.  These  memorials  are  an 
the  form  of  many  hundredweights  of  steel,  found  buried  in  the  earth  about 
the  manufactoiy,  in  digging  foundations  for  bmldingB  or  other  excavations ; 
and  it  is  in  all  the  states  which  might  be  expected  from  imperfect  melting, 
eruoibleB  giving  way,  Ac.  From  the  situation  in  which  it  is  found,  it  would 
appear  that  euch  llBalnres  were  regarded  by  him  as  so  much  spoiled  steel,  of 
which  nothing  could  be  made,  and  it  was  buried  in  the  earth  as  waste. 

Now  that  the  casting  of  steel  is  become  the  most  important  of  our  local 
branches  of  trade,  and  eyerything  required  for  the  successM  practice  of  it 
provided  in  abundance,  it  is  not  easy  for  ub  to  appreciate  the  difficulty  of  the 
first  attempt.  Mr.  Huntsman  had  to  invent  the  furnace  and  find  out  the 
materialw  it  should  be  built  of; — ^to  find  something  that  in  the  form  of  a 
cmcible  would  bear  the  heat  and  hold  the  steel,  whieh  no  crucible  then  in 
use  would  do ;  to  find  what  fuel  would  produce  such  a  heat,  and  where  it 
could  be  obtained.  Ingot  moulds  were  not  then  cast,  nor  hoops  and  wedges 
made  to  hold  them  together ;  nor,  in  short,  any  of  those  things  done  about  a 
melting  fomaoe  with  which  we  are  so  fiimiliar ;  indeed,  it  is  only  when  we 
tiy  to  place  ourselves  in  imagination  in  his  situation,  that  we  become  sensible 
how  great  his  difficulty  must  have  been ;  and  yet  his  genius  and  perseverance 
overcome  all,  and  steel-casting  was  in  his  lifetime  in  all  essentials  what  it  is  now. 

Mr.  Huntsman  having  perfected  his  invention,  was  not  of  a  disposition  to 
make  the  greatest  commercial  advantage  of  it.  He  cared  little  for  mere  money 
making.  The  excellence  of  lus  steel  brought  him  reputation  and  business  ; 
and  what  came  in  this  way,  almost  unsought,  he  attended  to  with  care,  but 
he  never  condescended  to  push  business  by  any  of  those  arts  which  are  now 
80  oommon.  It  appears  that  about  the  year  1 770,  he  removed  to  Attercliffe, 
in  the  parish  of  Sheffield,  where  the  business  has  ever  since  been  conducted. 
This  would  be  when  he  was  near  70  years  of  age,  and  six  years  before  his 
death  in  1770.    His  son  and  immediate  successor  attended  to  so  much  busi- 
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11688  as  the  weU-cL«;|Berved  reputation  of  the  steel  brooght  to  him,  without 
much  exertion  on  Ifis  dwn  part.  One  line  of  conduct  has  characterized  the 
Huntsmans  throughout,  and  is  as  stiictiy  observed  now  as  at  any  fonner 
period.  They  make  steel  of  the  best  quality  only.  The  differences  between 
the  process  as  Mr.  Huntsman  left  it  and  that  now  employed,  and  hereinafter 
described,  lay  in  these  particulars.  In  his  time,  and  many  years  afterwardSj 
only  one  crucible  was  put  into  the  furnace-hole — now  two  are  put  in ;  and  hiff 
pots  held  about  half  as  much  as  those  now  used. 

He  used  a  flux  said  to  be  of  broken  bottle-glass,  not  with  the  expectatiout 
so  &r  as  is  known,  that  it  would  in  any  way  imppore  tiie  steel,  but  only  to 
make  it  melt  more  readily.  Those  who  followed  him  imphdtiy,  without 
knowing  why,  did  the  same,  but  others  invented  fluxes  Ibr  themselres ;  and 
fifty  or  sixty  years  ago  "  fluxing  the  pots"  was  the  grand  mystery  of  some 
steel  melters,  who,  considering  themselyeB  a  sort  of  Adtpti^  would  not  aflow 
their  workmen  to  flux  the  pots,least  they  should  obtain  possession  of  the  secret; 
^nd  become  Adepti  also.  Th^,  therefore,  performed  that  ceremony  for  them- 
selves ;  but  in  process  of  time  it  was  found  that  steel  would  melt  very  weQ 
without  any  flux  at  all,  and  the  practice  has  been  discontinued  many  years. 

Mr.  Huntsman's  process  was  long  kept  8ecret»  and  was  only  revealed, 
say  the  popular  tcaditions  of  Sheffield,  by  an  act  of  more  than  donbtftd  mxh 
rality  on  the  part  of  a  rival  manufaetorer;  for  the  Huntsmans  had  now- 
become  leading  manufactarars  of  steeL  The  workmen  admitted  were  pledged 
to  secrecy,  and  eveiy  care  was  taken  ta  preTent  its  betiayal;  but  it  was 
betrayed  neverthelesB. 

One  cold  winter's  night»  while  the  snow  was  fUling  in  heavy  flakes,  and 
aU  was  darkness  and  gloom,  the  manufiMstoiy  at  AtteroMffe  threw  its  red  glare 
of  light  and  some  of  its  reflected  heat  on  the  neighbourhood,  and  on  an 
olrject  of  the  most  abject  appearance  who  presented  himself  at  tiie  entrance, 
praying  for  permission  to  ahare  the  warmth  and  shelter  which  it  offered. 
The  humane  workmen  found  the  appeal  irresistible,  and  the  apparent  beggar- 
man  was  permitted  to  take  up  his  quarters  in  a  wann  comer  of  the  building. 
A  careful  examination  would  have  discovered  littie  real  sleep  in  the  drowsi- 
ness which  seemed  to  overtake  the  stranger-visitor;  eagerly  did  he  wateh 
every  movement  of  the  workmen,  while  they  went  through  the  operations  of 
the  newly-discovered  process.  He  observed,  first  of  all,  that  bars  of  blistered 
steel  were  broken  into  small  pieces,  two  or  three  inches  in  length,  and  placed 
in  crucibles  of  fire-clay.  When  nearly  full,  a  littie  green  i^ass  broken  into 
small  fragments  was  spread  over  the  top,  and  the  whole  covered  over  with  a 
closely-fitting  cover.  The  crucibles  were  then  placed  in  a  fiunace  previously, 
prepared  for  them;  and  after  a  lapse  of  from  three  to  four  hours,  during 
which  the  crucibles  were  examiued  from  time  to  time,  to  see  that  the  metal 
was  thoroughly  melted  and  incorporated,  the  workmen  proceeded  to  lift  the 
crucible  from  its  place  in  the  fdmaoe  by  means  of  tongs ;  and  its  molten  con* 
tents,  blazing,  sparkling,  and  spurting,  was  poured  into  a  mould  of  cast- 
iron  previously  prepared ;  here  it  was  suffered  to  cool,  while  the  crucibles 
were  again  filled,  and  tiie  process  repeated.    When  cool,  the  mould  was  uii* 
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Berewdd,  and  a  bar  of  cast-eteel  presented  itself,  which  only  required  the  aid 
of  the  hammerman  to  form  a  finished  bar  of  cast  steel. 

How  tiie  nnauthorized  spectator  of  these  operations  effected  his  escape 
without  detection,  tradition  does  not  say ;  but  it  teUs  us  that,  before  many 
months  had  passed,  the  Huntsman  manu&ctory  at  Atterdiffe  was  not  the  only 
<me  whore  cast-steel  was  produced.  However  that  may  be,  the  discoTery  of 
the  elder  Huntsman  led  to  enormous  results  for  Sheffield.  There  is  no 
civilized  country  where  Sheffield  steel  is  not  largely  used,  either  as  a  finished 
piece  of  cutlery,  or  as  the  raw  material  for  some  home  manufacture. 

Bot  OUy  aaA  Vot  Making.— The  best  day  is  dark  gray,  approaching 
to  black ;  and  when  fresh  broken,  presents  a  veiy  smooth  shining  surface. 
Such  as  have  any  tinge  or  streak  of  yellow,  and  break  with  a  dull  fracture,  con- 
tain ochre,  and  are  unfit  for  the  purpose.  Before  suitable  day  was  found  at 
Stannington,  Grawshaw-head,  and  Ashby-de-la-Zouch,  the  Stourbridge  clay 
cost  at  ^effidd  four  guineas  a  ton :  it  now  costs  less  than  half;  and  that  found 
nearer,  BtUl  less.  The  dvys  are  generally  used  mixed ;  they  should  be  care- 
fyiy  kept  dean  and  dry.  When  required,  one  day's  make  is  put  into  a  tub 
or  stone-trough  and  moistened  equally,  laid  upon  the  floor,  and  tempered 
by  treading  with  the  naked  feet,  first  in  one  direction  then  in  another,  mov- 
ing the  feet  two  or  three  inches  at  a  time,  frequently  turning  it  over  with 
a  spade,  and  throwing  the  outsides  into  the  middle,  taking  care  that  the  whole 
gets  trodden  equally.  This  labour  is  continued  six  or  seven  hours,  when  that 
which  had  at  first  scarcely  any  adhesion,  becomes  a  tenacious  axid  ductile 
The  pot-flask  or  mould,  and 


plug,  are  usually  in  the  form  shown  in 
Fig.  8.  The  pot-mould  is  of  cast-iron, 
with  two  ears  cast  upon  it  to  lift  it 
by.  Its  inside  is  the  shape  of  the  out- 
side of  the  pots ;  it  is  turned  smooth, 
and  is  open  at  the  bottom  as  weU  as 
at  the  top.  There  is  a  loose  bottom  to 
fit,  but  not  so-small  as  to  pass  through, 
which  has  a  hole  in  the  centre  three- 
-quarters of  an  inch  in  diameter. 
YHien  in  use,  it  stands  upon  alow 
post  firmly  fixed  in  the  ground,  which 
has  also  a  hole  %ve  or  six  inches 
deep  in  its  centre.    The  plug  which  Fig.  s. 

forms  the  inside  of  the  pot  is  of  lignum-vitsB ;  it  has  an  iron  centre, 
whidi  projects  throned  it  about  five  inches,  conesponding  in  size  with 
the  hole  at  the  bottom  of  the  mould.  The  day  for  each  pot  is  weighed, 
.  and  about  2A  lbs.  is  used  for  each,  which  is  moulded  upon  a  strong  bench 
.into  a  short  cylinder.  The  inside  of  the  mould  having  been  well  oiled  with 
whal»4»l,  the  day  is  dropped  into  it,  and  the  plug,  also  oiled,  is  forced 
:iBto  the  day ;  while  the  projection  finds  the  hole  in  Ittie  loose  bottom  in  the 
of  the  mould,  which  guides  the  plug.    The  plug  is  driven  down  two  or 
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three  inches  by  the  blows  of  a  heavy  mallet  on  the  top  of  the  iron  head ;  itifi 
then  taken  out,  to  be  oiled  again,  by  putting  a  piece  of  round  iron  through 
the  hole  in  the  iron  head  to  lift  by,  giving  it,  at  the  same  time,  a  screwing 
motion.  It  is  then  driven  by  the  mallet,  while  the  clay,  rising  up  between 
the  plug  and  the  mould,  reaches  the  top.  The  day  is  out  even  with  the  top 
of  the  mould  with  a  kmfe,  and  the  plug  taken  out;  the  pot  is  then  nar- 
rowed at  the  top  by  passing  the  knife  round  between  it  and  the  flask  or 
mould  several  times,  holding  it  inclined  towards  its  centre.  The  mould 
is  now  taken  and  set  with  its  loose  bottom  upon  a  small  post  fixed  in 
the  floor,  and  the  /  ;.  ,  "r~'"~^/  ^.  ■  ;  ;  ■  ■■  ,  ;  l  ^ 
man  gently  allows  VT )  i  I  i  ;  M  /  *  "  ■  '  *  -^  ^ 
the  weight  of  the 
mould  to  rest  iipoii 
it,  which  pushes 
up  tlie  bottom 
with  the  pot  upon 
it ;  and  tlie  hole  be- 
ing filled  with  a 
bit  of  clay,  it  is  fin- 
ished. When  the 
pots  are  suffi- 
ciently hard 
to  bear  hand- 
ling, tliey  are 
placed  to  dry 
upon  rows  of 
shelves  against 
the  flues  in 
the  furnace. 


Fig.i. 

Fumae^s. — ^The  form  of  the  melting  furnace,  and  the  direction  of  the 
fire  and  flue,  will  be  imderstood  from  the  accompanying  engravings.  Fig.  4 
represents  the  section  of  a  ten-hole  melting  fiimace,  showing  the  direction  of 
the  flues,  and  the  form  of  the  holes  when  about  half  worn,  with  one  row  of 
the  pots  in  their  places ;  1  to  10  are  the  flues  of  the  melting  holes,  each  one 
of  which  is  carried  up  separately,  and  lined  with  fire-brick  to  the  top; 
11,  an  open  fire-grate;  12,  the  annealing  grate,  closed  in  front  by  a  oaat- 
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metal  plate,  rather  broader  than  the  depth  of  the  melting 
pots  ;  A  B  C  three  broad  bars  of  iron,  bolted  to  others  at  tlie 
back  of  the  flues  by  cross-bars,  to  tie  the  chimney-stack 
firmly  together. 

The  forms  of  the  furnaces  or  holes  are  represented  ns 
they  are  when  about  half  worn.  When  they  become  so  vdde 
as  to  waste  tlie  coke,  the  whole  materials  of  the  old  melting- 
holes — represented  on  the  cross  section  as  occupying  a  space 
of  3  feet  6  inches,  by  3  feet  3  inches — are  taken  out,  and  new 
ones  built  of  a  kind  of  natural  faced  fire -stone  like  flags,  frum 
2  to  4  inches  tliick,  cut  into  pieces  7  or  8  inches  broad. 
These  usually  last  four  or  five  weeks  before  tliey  want  re- 
moving. 

The  cross  section,  Fig.  5,  shows  the  position  in  wliich  the 
two  pots  stand  in  the  hole,  and  tlie  cover  in  its  usual  posi- 
tion. 

The  cover-fi-ame  is  made  of  wrought  iron  3  uiches  broad 
by  f  ths  of  an  inch  thick.  A  large  fire-brick,  made  to  fit,  is 
held  in  its  place  by  the  movable  bar  of  iron  being  pressed 
agaiifst  it  by  two  screws.  The  handle  is  of  round  iron,  about 
10  inches  long.  The  furnace  tops,  upon  which  the  covers 
rest,  are  of  cast  iron  an  inch  thick,  cast  in  two  parts.  The 
plan,  Fig.  6,  is  a  common  arrangement  of  the  other  rooms 
connected  with  a  melting  furnace.  The  two  troughs  in  tlie 
clay-place  are  for  wetting  the  clay  previously  to  temper- 
ing it. 

Some  manufactories,  instead  of  fire-stone,  use  what  is 
called  gannister  or  galliard -stone,  ground  :  or  the  dirt  from 
off  such  roads  as  are  repaired  with  tliis  kind  of  stone.  In 
that  case,  wooden  moulds  are  used  of  the  form  of  the  fur- 
naces ;  and  the  ground  gannister,  moistened  with  water,  is 
put  round  the  mould,  which  is  then  dra\Mi  out.     This  kind 
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of  Btone  is  found  in  irregular  masses,  nsuaUy  with  fire-clay  and  carbonifeious 
shale.    It  is  argillaceous  and  very  hard. 


Fig.e. 

Keltliig  8t*el.— The  preparations  for  melting  eommence  the  afternoon 
of  the  day  before,  by  maldng  a  coal-fire  upon  the  grate  adjoining  the  anneal- 
ing-grate. The  annealing-grate  must  be  large  enough  to  hold  twice  as  many 
pots  as  there  are  melting-holes  in  the  furnace.  If  that  number  be  ten,  twenty* 
pots  are  put  inyerted  upon  the  annealing-grate,  and  the  ^before  mentioned 
put  down  the  spaces  between  them,  which  are  then  to  be  filled  up,  so  as  to 
cover  the  pot  with  the  small  coke  riddled  firom  among  the  coke  used  for  melt- 
ing ;  and  upon  these  again  the  pot-lids  are  laid.  This  is  done  in  order  to  have 
the  pots  gently  heated  to  a  red-heat,  ready  for  next  morning.  Each  pot  requires 
a  stand  and  a  lid,  as  represented  in  Fig.  7.  In  form,  the  stand  is  the  frustrum 
of  a  cone  about  three  inches  high ;  and  as  upon  the  base  of  the  stand  the  pot 
is  to  rest,  they  should  correspond  in  size.  The  stand  is  made  of  common  fire- 
clay, but  the  lid  of  clay  the  same  as  the  pot;  it  should  be  a  little  larger  in 
diameter,  flat  on  the  under  side,  and  a  Uttle  convex  on  the  upper.  The 
morning's  work  begins  by  putting  in  the  grate-bars,  which  had  been  taken  out 
the  night  before  to  clear  the  furnaces  of  slag.  The  slag  and  ashes  are  re- 
moved from  the  ash  pits.    Each  furnace  has  two  stands  placed  in  the  proper 
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position  upon  the  grate-bars ;  and  upon  the  stands  two  pots,  covered  with  their 
lids,  from  the  annealing-grate.  Some  fire,  witli  a  httle  coal,  and  soon  after  some' 
coke,  is  put  on ;  and  when  this  has  burnt  up,  sufficient  coke 
to  cover  the  pots :  when  the  furnace  and  pots  are  at  a  white 
heat,  the  steel  may  be  put  in.  The  steel  having  been 
broken  and  selected  for  the  intended  purpose,  weighing  say 
B4  lbs.  for  each  pot,  is  put  into  pans  of  iron  or  steel  plate. 
To  charge  a  pot,  the  lid  is  taken  off,  and  the  lower  end 
of  a  conical-shaped  funnel  (Fig.  7)  placed  over  the  pot, 
down  which  the  steel  is  gently  put  by  one  man,  while  ano- 
ther with  a  long  poker  puts  the  steel  in  the  best  positions  he 
can  for  making  the  pots  hold  it.  The  lid  is  then  replaced ; 
and  the  other  pot  being  charged  in  the  same  manner,  the  fur- 
nace is  filled  with  coke,  and  the  cover  put  down.  All  the 
other  pots  are  steeled  in  the  same  way.  Afterwards,  as  the 
fires  require  more  coke,  the  foreman,  as  he  goes  round  look- 
ing at  the  state  of  the  steel  in  the  pots,  orders  how  much 
coke  is  to  be  put  into  each  furnace.  While  this  is  going 
on,  other  preparations  are  to  be  made.  Steel  has  to  bo 
broken  and  weighed  for  the  next  charge,  and  moulds  pre- 
pared for  that  in  the  furnace ;  those  to  be  used  are  wiped 
with  a  rough  cloth,  and  laid  with  their  insides  downwards 
upon  two  strong  bars,  raised  a  little  abare  the  floor ;  then  a  shallow  iron  disli 

is  taken,  and  some  tar  poured 

into  it,  and  fired,  by  having  a 

piece  of  hot  coke  put  into  it ;  tlie 

dish  is  then  held  under  the  moulds,  and  moved  about, 

to  smoke  them  with  the  blazing  tar.    This  is  done  to 

prevent  the  steel  adhering ;  oil,  or  anything  that  would 

become  gaseous,  being  inadmissible.     The  moulds  are 

now  put  together  in  pairs,  with  two  strong  iron  hoops 

round  each,  fastened  by  driving  in  wedges  between  the 

moulds  and  hoops. 

If  the  furnace  have  ten  or  twelve  holes,  two  of  the 

men  prepare  themselves  for  taking  out  the  pots,  by  tying 

three  or  four  thicknesses  of  sackcloth  upon  the  front  part 

of  their  legs,  from  above  the  knees  down  to,  and  so  as  to 

cover,  the  fronts  of  the  shoes.    This  sacking  is  made  quite 

wet,  as  also  is  a  short  apron,  and  a  kind  of  sleeve  of  the 

same  covering  the  hand  and  arm  placed  lowest  and 

nearest  the  pot  when  taken  out.    Before  the  steel  is  well 

melted,  it  appears  to  be  in  a  state  of  ebullition;  but  when  it 

is  ready — ^which  is  known  by  its  clear  surface  and  its  resting 

in  the  pot  without  motion,  and  resembling,  in  its  dazzling 

brilliancy,  the  sun  on  a  dear  day  more  than  anything 
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Fig.  8. 

else— it  is  tune  to  take  it  out. 


USEFUL  METALS. 
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Supposing  the  steel  to  be  for  tiltiag  ingots,  the  moulds  for  which  are  nearly 
three  feet  long,  two  of  the  moulds  are  placed  in  a  hole  in  the  floor,  made  on 
purpose,  about  eighteen  inches 
deep,  and  placed  slightly  in- 
clined. All  being  ready  for 
"teeming,**  the  foreman  says 
which  pots  are  to  be  taken  out 
first;  the  cover  of  the  fiimace 
is  raised,  and  a  man  with  a 
pair  of  tongs  (Fig.  10)  clasps  the 
pot;  and,  ascertaining  that  it 
is  not  fast  by  slightly  moving 
it,  he  suddenly  stoops  down,  and 
taking  lower  hold  of  the  tongs, 
raises  himself,  bringing  up  the 
pot  and  landing  it  on  the  edge  of 
the  hole;  then,  by  a  swinging 
motion,  he  moves  it  to  a  metal 
plate  in  the  floor,  where  the  slag, 
which  generally  adheres  about 
the  junction  of  the  pot  and 
stand,  now  firmly  united,  is 
dressed  off  by  a  long  heavy  rod 
of  steel,  shaped  at  the  end  like  a 
chisel.  The  force  required  to 
I  do  this  is  often  very  great, 
f  and  severely  tests  the  tena 
city  of  the  pots,  which 
that  high  temperature 
Fig.  9,         surprisingly  great,  for  they 


are  never  injured  by  this  rough  treatment.  The  pot  is  then 
moved  close  to  tlie  mould,  where  the  man  who  has  to  pour 
the  steel  into  it  clasps  the  pot  round  the  middle  with  the 
tongs  (Fig.  9) ;  the  lid  is  taken  off  by  the  man  who  drew  it 
out,  and  the  steel  poured  gently  into  the  mould,  especially 
the  latter  part  of  it,  which  is  done  to  prevent  so  deep  a  hol- 
low in  the  top  of  the  ingot  as  would  be  made  if  the  steel 
were  poured  iu  too  rapidly.  The  steel  in  contact  with  the 
cold  mould  becomes  solid  almost  immediately,  while  that  iu 
the  middle  contracts  as  it  loses  its  caloric ;  and  the  slow 
pouring  is  to  fiU  the  hollow  thus  occasioned,  and  prevent  waste.  While 
one  is  pouring,  another  man  stands  with  a  rod  of  steel  in  his  hand,  ready 
to  stop  from  going  iuto  the  mould  any  scoria  which  may  float  upon  the 
top  of  the  melted  steel,  of  which  there  is  a  considerable  quantity  when  man- 
ganese has  been  used,  but  little  or  none  where  good  steel  has  been  melted  per 
se.    As  soon  as  the  pot  is  empty,  the  lid  is  put  on,  and  it  is  replaced  in  the 
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furnace ;  and  the  same  haying  been  done  with  the  other  pots,  a  quantity  of 
coke  is  put  in,  and  the  hole  covered.  When  one  man  has  taken  out  his 
ten  or  twelve  pots,  the  other  takes  out  his  number;  and  each  hole,  as  the 
pots  are  replaced,  receives  a  charge  of  coke,  and  is  covered. 

In  a  very  short  time,  two  moulds  filled  with  steel  may  be  taken  out,  and 
laid  down  with  their  upper  ends  supported  a  few  inches  above  the  floor,  upon 
some  old  moulds  laid  for  the  purpose  of  facilitating  the  knocking  off  the 
hoops  and  taking  out  the  ingots.  Tliis  is  done  in  a  few  minutes  after  they 
are  cast,  and  they  are  then  carried  into  the  yard  to  cool. 

When  the  coke  put  into  the  holes  after  the  empty  pots  has  been  burned 
down,  so  as  not  to  be  higher  than  the  pot- lids,  a  fresh  charge  of  steel  is  put 
in,  and  the  former  process  repeated  a  second  and  a  third  time.  Attempts 
have  been  made  to  carry  it  to  a  fourth  round ;  but  this  has  been  abandoned, 
the  number  of  failing  pots  causing  it  to  be  attended  witli  loss. 

OeiMxal  &emaxkfl. — The  great  extent  to  which  cast-steel  is  now  used 
in  the  arts,  it  was  thought,  would  justify,  if  not  demand,  this  minuteness  of 
detail.  The  concluding  observations  wUl  be  more  general.  If  soft  and  hard 
ingots  of  best-marks  cast-steel  are  to  be  made  the  same  day,  the  soft  steel 
should  be  put  in  the  first  round  only,  for  it  requires  the  greatest  heat  and  the 
most  time,  and  should  be  done  while  tli^  pots  are  in  the  best  condition.  For 
the  same  reason,  if  heavy  and  light  ingots  have  to  be  made  of  the  same  steel 
as  for  saws,  the  heavy  sliould  be  in  the  first  round,  and  the  light  in  the  last. 

Cast-steel  may  be  made  directly  from  the  wrought-iron,  without  previously 
undergoing  the  process  of  converting;  and  when  that  is  done,  the  bar-iron  is 
cut  cold  into  bits  1^  or  2  inches  long  by  the  large  shears  of  a  rolling  mill. 
About  80  lbs.  of  these  bits,  with  some  charcoal,  are  put  into  each  melting  pot, 
the  quantity  of  charcoal  depending  .upon  the  use  the  steel  is  intended  for.  If 
it  is  for  tools,  about  eight  ounces  will  be  a  proper  quantity.  This  method  of 
making  is  preferred  for  some  purposes,  but  is  not  adopted  extensively,  being 
rather  more  expensive  than  the  usual  method ;  for  the  cutting  of  the  iron 
costs  nearly  as  much  as  converting,  and  the  melting  requires  more  time,  more 
coke,  and  costs  more  in  other  respects. 

When  larger  ingots  than  one  pot  will  contain  are  wanted — 651bs.  or  70  lbs., 
for  instance — ^moulds  made  to  hold  that  quantity  are  prepared.  Two  pots  are 
taken  out,  their  lids  taken  off,  and  the  steel  of  one  pot  poured  to  that  of  the 
other ;  then  the  pot  containing  the  whole  is  poured  into  the  mould.  This 
being  as  great  a  weight  as  can  be  poured  into  the  mould  from  one  pot,  when 
greater  weights  are  wanted,  say  120  lbs.  or  180  lbs.,  four  pots  are  taken  out, 
and  the  steel  of  the  four  poured  into  two.  Then  two  men  take  them,  one 
standing  on  each  side,  and  pour  the  steel  into  tiie  mould,  one  man  beginning 
to  pour  before  the  other  has  done — ^for  if  the  stream  be  stopped  the  ingot  will 
be  spcMled ;  this  it  is  which  makes  it  so  difficult  to  cast  very  large  ingots  by 
the  English  method.  The  men  should  be  well  drilled,  so  that  each  may  know 
what  he  has  to  do  and  when  to  do  it,  before  the  attempt  is  made ;  but,  not- 
withstanding the  difficulty,  a  sound  ingot  requiring  about  sixty  pots  has 
been  made  in  this  way. 
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It  is  not  many  3'ears  since  no  ingots  of  cast-steel  were  made  larger 
than  could  be  drawn  under  the  hammer  of  the  shear  steel  forge  ;  but  since  i 
ingots  of  several  hundredweights  each  have  been  made  for  tlie  piston-rods  of  ■ 
marine-engines,  crank-pins,  and  other  purposes,  forges  have  been  erected 
specially  for  diawing  them,  "with  suitable  furnaces  for  heating,  and  machinery 
for  moving  them.  Some  of  the  hammers  are  on  the  same  principle,  and  lifted 
in  tlie  same  manner  as  those  of  the  ordinary  iron  forge ;  and  Nasmyth's  steam- 
hammer  is  also  coming  into  use,  the  first  of  tliem  having  been  some  time  at 
work  at  Sheaf  Works. 

About  four  tons  of  hard  coke  are  required  to  make  one  ton  of  cast^steel. 

Patented  Pvocesses. — A  method  of  uniting  cast- steel  to  iron  was  pa- 
tented many  years  ago  by  Mr.  Arnold  Wild,  which  was  ingenious,  and  might 
have  been  expected  to  become  extensively  useful,  especially  in  those  cases 
which  require  the  union  of  large  surfaces.  Some  difficulties  attended  it  in 
practice,  and  have  prevented  its  adoption  for  each  and  all  the  articles  enume- 
rated in  his  original  design.  It  has  been,  however,  and  still  is,  occasionally 
used  for  some  oilier  purposes ;  and  on  that  accoimt  a  short  description  shall 
bo  given.  An  ingot  mould  is  to  be  prepared  as  for  cast-steel  of  such  size  and 
shape  as  the  united  piece  of  iron  and  steel  is  intended  to  produce.  A  piece 
of  ^vrought-iron  is  to  be  forged  so  as  to  fill  tliat  part  of  the  mould  which  is 
intended  to  be  of  wroughtiron,  leaving  room  for  that  which  is  intended  to  be 
steel.  The  steel  is  now  melted  in  the  usual  way ;  and  when  ready,  the  iron, 
heated  to  a  welding  heat,  is  to  be  put  into  the  mould,  and  the  fluid  steel 
poured  on  it.  The  ingot  or  slab  thus  formed  may  afterwards  be  drawn  by 
hammering  or  rolling  to  tlie  size  required.  The  practical  difficulties  are 
principally  these  two : — The  surface  of  wroughtiron  at  a  welding  heat  oxidizes 
so  rapidly,  that  when  tlie  oxide  is  cleaned  from  it  as  well  as  it  can  be,  just 
before  it  is  put  into  the  mould,  another  coat  of  oxide  forms  upon  it  before 
the  steel  can  be  poured  in,  which  prevents  in  many  cases  the  perfect  xmlon 
of  the  two ;  when  that  happens,  the  material  is  spoiled  and  of  little  value  for 
any  purpose  whatever.  Tlie  otlier  difficulty  lies  in  the  great  difference  in 
the  hardness  of  the  two  at  the  temperature  proper  for  drawing  cast-steel, 
which  must  not  be  exceeded,  or  the  steel  will  be  spoiled.  The  iron  extends, 
by  reason  of  this,  so  much  faster  than  the  steel,  as  far  to  overlap  it,  and 
occasions  much  waste  of  iron,  for  all  that  which  extends  beyond  the  steel  is 
cut  away  as  useless,  and  leaves  the  steel  thicker  than  the  proportion  it  was 
intended  to  bear  to  the  iron ;  while,  without  that  additional  disproportion,  the 
nature  of  tlie  process  requires  more  steel  to  be  used  than  could  be  necessary 
or  useful.  Thus,  success  being  doubtful,  and  when  successful  wasteful,  Mr. 
Wild's  method  is  little  used  Hard  and  soft  cast-steel  in  the  same  ingot  can 
be  made  by  a  method  somewhat  analogous  to  that  above  described  for  uniting 
iron  and  steel,  but  much  more  practicable  and  useful,  which  was  compli- 
mented by  the  award  of  a  medal  to  Blake  and  Parkin  at  the  Great  Exhibition 
of  1851.  This  method  is  used  with  great  success  and  advantage  for  making 
such  articles  as  the  knives  of  the  patent  paper-cutting  machines ;  machine 
plane  irons ;  the  knives  of  tobacco-cutting  machines ;  cork  knives ;  and,  in 
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general,  for  any  description  of  large  machino  knives  requiring  a  fine  cutting 
edge  of  the  best  cast- steel,  with  a  back  of  a  softer  and,  without  detriment  to 
the  utility  of  the  article,  cheaper  material. 

Suppose  it  is  required  to  make  an  ingot,  of  which  the  hard  cast-steel  shall 
only  cover  a  part  of  one  side — that  which  is  to  form  the  cutting  edge,  as  in 
paper  machine-knives  and  machine  plane-irons.    A  cross  section  of  the  mould 

.;-- T  wiU  be  of  the  shape  represented  in  Fig.  11  for  the  soft 

\ I  steel ;  and  a  parallelogram  for  the  mould  in  which  the 

1  hard  steel  is  to  be  united  with  it :  this  last  should 


^«f- 11-  be  slightly  larger,  both  in  breadth  and  thickness,  than 

the  other,  so  as  to  admit  of  the  soft  ingot  being  put  into  it  without  difficulty 
when  hot.  The  soft  steel  ingot  is  cast  first;  and  as  soon  as  it  has  become 
soHd  it  is  taken  out  of  its  o^^ti  mould  and  put  into  the  other  mould ;  and 
the  space  left,  which  is  that  included  by  the  dotted  lines,  filled  with  hard 
castrsteel.  When  the  hard  steel  is  to  be  the  whole  breadth  of  the  ingot, 
it  will  easily  be  seen  that  two  moulds  must  be  provided,  the  one  for  the 
soft  steel  a  little  narrower,  and  from  one-half  to  two-thirds  of  the  thickness 
of  the  union-mould.  When  tlie  hard  steel  is  to  occupy  the  middle  space 
between  two  sides  of  soft  steel,  the  two  moulds  for  the  soft  steel  should  not 
exceed  in  thickness  one-third  of  the  thickness  of  that  in  which  they  are  to  be 
united.  Two  of  the  soft  ingots  must  be  cast  at  the  same  time,  taken  out 
and  placed  in  the  union-mould,  one  on  each  side,  and  the  hard  steel  poured 
in  between  them.  Another  useful  application  of  this  principle  may  be 
made  to  the  casting  of  ingots  for  piston-rods  of  steam  engines.  For  this 
purpose  a  round  or  octagon  ingot  may  be  cast  of  about  2^  or  3  inches 
diameter  of  soft  steel,  taken  out  as  soon  as  it  is  solidified  and  placed  in  the 
centre  of  another  mould  of  the  same  form,  of  4  or  4^  inches  diameter,  and  the 
hard  steel  immediately  poured  in.  It  is  scarcely  necessary  to  say  that  steel 
may  be  made  with  a  hard  centre  and  soft  externally,  by  reversing  the  last- 
named  process.  A  man  accustomed  to  this  kind  of  work  scarcely  ever  fails 
to  make  the  two  sorts  of  steel  perfectly  nnite. 

Heath's  Patent. — ^It  is  to  be  observed  that  throughout  this  process  the 
best  Swedish  iron,  or  iron  of  a  similar  compound,  is  required.  The  best 
Swedish  iron,  on  analysis,  presents  the  follo>ving  results  : — 

Protoxide  of  iron 'J 8* 78 

Carbon 84 

Silicon -12 

Arsenic '02 

Copper -07 

Manganese 07 


99-90 


From  tliis  analysis  it  will  be  apparent  that  manganese  forms  an  ingre- 
dient in  Swedish  iron,  while  sulphur  and  phosphorus,  usually  in  combination 
with  them,  are  absent.    Now  this  brings  us  to  a  point  in  the  manufacture 
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of  steel,  alike  disgraceful  to  the  patent  laws  of  this  country  and  some  of 
the  steel  manufacturers  of  Shef&eld,  who  have  availed  themselves  of  the 
loopholes  of  the  law  to  take  advantage  of  the  patentee.  To  tell  this  romance 
of  steel  with  effect,  we  must  have  recourse  to  Mr.  Dickens's  "  Household 
Words/'  where  the  story  is  told  in  a  very  graphic  manner ;  premising,  how- 
ever, that  we  shall  sometimes  condense  the  information  it  contains,  and 
sometimes  quote  from  that  work;  and  at  others  avail  ourselves  of  other 
sources  of  information. 

Not  many  years  ago,  a  civil  servant  of  the  East  India  Company  was 
requested  hy  a  Mend  to  ohtain  for  him,  among  other  things,  some  steel  heads 
for  hoar- spears.  This  request  was  made  to  Mr.  Josiah  Marshall  Heath, 
while  fulfilling  his  duties  in  the  interior  of  India ;  and  to  comply  with  his 
Mend's  wishes,  he  was  led  to  visit  the  Indian  steel-works.  He  was  much 
struck  with  the  clumsiness  pursued  in  the  whole  process — clumsiness  not  to 
he  tolerated  hy  a  man  naturally  quick-witted.  Mr.  Heath  was  quick-witted 
enough;  he  had  heen  carefully  educated  for  the  Company's  civil  service,  and 
went  to  his  post  so  well  versed  in  Oriental  literature,  tiiat  a  Sanscrit  Pro- 
fessorship was  offered  to  hinn  hefore  he  had  attained  the  age  of  twenty-one. 

In  executing  his  friend's  commission,  Mr.  Heath  came  to  the  conclusion 
that  Southern  India  possessed  immense  capahilities  for  carrying  on  the  iron 
and  steel  manufacture ;  and  from  that  time  he  prosecuted  an  energetic  re- 
search. Haunted  with  this  impression,  he  traversed  the  Malahar  coast,  where 
he  discovered  mountains  of  iron  ore,  and  it  hecame  evident  to  him  that  India 
could  supply  England  and  Europe  with  the  hest  and  cheapest  steel-iron ;  that 
ships  at  that  time  paying  for  rubhish  to  bring  home  as  baUast,  might  be 
ballasted  with  Indian  iron.  The  Indian  ores  were  pronounced,  however,  by 
experienced  metallurgists,  to  be  unmanageable.  Known  processes  could  not 
convert  them  into  marketable  steel  or  iron ;  but  Mr.  Heath  was  not  to  be 
daunted.  In  1833  he  became  the  founder  of  the  Indian  Iron  and  Steel 
Company,  and  probably  originated  the  investigations  which  are  at  this 
moment  being  carried  on  under  official  directions  in  that  country.  In  order 
to  carry  out  the  mission  with  which  he  had  charged  himself,  and  confident  of 
great  results,  Mr.  Heath  resigned  his  appointment,  and  devoted  his  private 
fortune  and  the  pension  granted  him  by  the  Company  to  traversing  the  entire 
western  coast  of  India ;  visiting  all  the  celebrated  iron  and  steel  works  in  the 
world,  including  those  in  Sweden ;  and  acquiring,  in  these  journeys,  a  fami- 
liar acquaintance  with  the  processes  of  iron  and  steel  manufacture ;  verifying 
old  and  prosecuting  new  experiments.  After  these  elaborate  and  costiy 
researches,  he  found  himself  at  last  in  London,  with  his  resources  utterly 
exhausted,  but  with  his  object,  as  he  conceived,  perfectiy  attained. 

In  1830  he  took  out  a  patent ;  and  in  the  specification  he  briefly  describes 
the  nature  of  his  invention,  namely,  "  the  use  of  carburet  of  manganese  in 
any  process  for  the  conversion  of  iron  into  cast  steel ;"  but  it  does  not  appear 
that  any  progress  was  made  in  its  application  till  1840,  when  Mr.  Heatii 
visited  Sheffield  for  the  purpose  of  introducing  his  invention  among  the  steel 
manufacturers.    This  discovery  is  said  to  have  .changed  the  whole  aspect  of 
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the  Sheffield  steel  trade;  and  largely  increased  the  quantity  of  steel  pro- 
duced. 

But  it  is  to  be  borne  in  mind  that  the  smaller  amount  of  annual  produce 
had  gamed  for  Sheffield  her  world-wide  reputation ;  while,  on  the  other 
hand,  it  does  not  admit  of  much  doubt  that  Mr.  Heath's  invention  has 
greatly  contributed  to  destroy  this  well-earned  fame,  by  the  facilities  it  offers 
for  making  steel  of  an  inferior  material;  while  it  has  gained  for  her  the 
opprobrium  of  this  case,  in  which  many  respectable  names  must  share : 
although  the  invention  itself  is  said  to  be  valueless  to  them.  But  let  us 
proceed  with  the  story  as  told  by  the  writer  in  the  "  Household  Words." 

Up  to  the  time  when  Mr.  Heatli  visited  Sheffield  to  introduce  his  inven- 
tion, it  had  been  known  only  as  '  Heath's  powder '  at  the  steel  works ;  but, 
on  this  occasion,  he  was  induced  to  communicate  to  his  agent  that  equally 
good  results  would  arise  from  merely  putting  the  ingredients, — ^namely,  a 
small  per-centage  of  oxide  of  manganese  with  a  little  coal-tar, — ^into  tlie 
crucible  in  which  the  steel  was  to  be  fused ;  for  the  carburet  being  formed  at 
a  lower  temperature  than  is  required  to  melt  the  steel,  the  one  process  would 
prepare  the  way  for  the  other.  Mr.  Heath  thus  placed  in  the  hands  of  the 
agent,  instead  of  the  powdered  carburet  of  manganese,  which  was  secured  to 
him  by  patent,  the  elements  of  which  it  was  composed. 

Intercourse  between  Mr.  Heath  and  the  Sheffield  manufacturers  was  for  a 
time  interrupted.  But  one  luckless  day  he  discovered  that  his  rights  had 
been  invaded.  His  agent  had  established  steel  works,  and  was  engaged  in 
making  steel  according  to  the  patent  process ;  and  from  that  time  to  the 
present,  steel  has  been  constantly  made  in  Sheffield  according  to  Heath's 
patent  process,  while  all  claim  to  remuneration  set  up  by  the  patentee  has 
been  utterly  denied.  Well  may  the  writer  in  **  Household  Words  "  ask — How 
can  that  be  ?  One  poiat  in  litigation  we  have  already  indicated :  it  was 
whether  Mr.  Heath  as  a  patentee  was  not  bound  to  make  his  carburet  of 
manganese  outside  the  crucible  of  the  steel  manufacturer,  and  whether  the 
modification  he  afterwards  suggested  might  not  be  adopted  by  them  without 
legal  infringement  of  his  patent  rights — a  most  miserable  quibble  on  the  real 
merits  of  the  case,  if  the  only  defence.  But  it  is  to  be  observed  that,  long 
before  Mr.  Heath's  patent  existed,  the  black  oxide  of  manganese  was  used  in 
connection  with  charcoal ;  and  also  with  other  substances,  such  as  soda  and 
borax,  in  making  cast-steel.  The  patentee,  we  believe,  regarded  this  use  of 
the  oxide  as  an  infringement  of  his  patent,  because  it  was  said  to  become 
carburet  in  the  melting-pot,  as  stated  above.  But  there  could  be  no  such 
infringement,  since  it  was  used  in  more  than  one  manufactory  previous  to  1830 ; 
and  in  '*ChaptaL's  Chemistry,"  a  worii:  published  about  1615,  the  reader  is 
told  that  eight  parts  of  oxided  manganese  takes  up  by  a  gentle  heat  three 
parts  of  sulphur ;  and  at  page  292,  vol.  i.,  it  is  said  that  iron  may  be  separated 
from  manganese  by  the  greater  affinity  sulphuric  acid  has  for  the  manganese. 
This  led,  in  one  instance  at  least,  to  experiments  with  small  quantities  of 
manganese  in  making  cast  steel  before  Mr.  Heath's  process  was  known. 

The  case — ^whiclvis  one  of  the  many  which  bring  disgrace  on  the  English 
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Patent  Laws — has  been  dragged  in  a  circle  round  a  series  of  courts.  In  the 
first  instance  it  was  tried  before  Lord  Arbinger  in  Trinity  Term  1843,  when 
the  plaintiff  was  non-suited.  It  was  again  tried  in  June,  1844,  in  the  Court 
of  Exchequer,  when  many  delusive  pleadings  were  raised;  but  finally  a  verdict 
was  found  for  Heath  on  all  tlie  issues. 

This  verdict,  8ti*ange  as  it  may  seem,  was,  after  three  years*  consideration, 
set  aside,  and  a  new  action  raised  in  the  Court  of  Common  Pleas,  under 
orders  of  the  Court  of  Chancery,  which  was  at  last  tried  in  November,  1850, 
before  Mr.  Justice  Cresswell.  That  learned  judge,  "  mindful  of  the  etiquette 
of  the  bench,  declared  that  he  could  not,  sitting  singly,  confirm  or  reverse 
the  judgment  of  tlie  Court  of  Exchequer;  but  that  he  would  direct  the  jury 
to  find  for  the  defendant,  and  the  plaintiff  would  then  be  at  liberty  to  bring 
the  whole  case  again  before  a  competent  tribunal." 

Will  the  result  of  this  tortuous  course  of  litigation  surprise  the  reader  ? 
asks  Mr.  Dickens.  "  Mr.  Heath  procured  a  stall  at  the  Great  Exhibition  of 
1851 — arranged  with  his  own  hand  liis  rare  metallurgic  specimens;  but 
before  the  Exhibition  opened,  and  before  his  case  came  again  to  be  argued, 
his  weary  heart  ceased  beating.  He  died !  leaving  his  successors  to  prose- 
cute the  claims  they  derive  from  him." 

How  far  this  invention  has  been  beneficial  to  the  steel  manufacturers 
may  be  considered  somewhat  problematical.  That  it  has  largely  increased 
the  trade  of  Sheffield  may  be  true :  tiiat  it  has  exhibited  a  grievous  absence 
of  lionourable  dealing  on  the  part,  it  is  said,  of  some  seventy  or  eighty  men 
holding  the  position  of  manufacturers  there,  may  be  equally  so.  But  the  men 
who  ai-e  most  interested  in  upholding  the  character  of  Sheffield  steel  assert, 
that  it  only  enables  the  inferior  manufacturer  to  substitute  inferior  articles — 
knives  and  axes  that  will  not  cut,  and  blades  on  which  no  reliance  can  be 
placed — in  place  of  the  cast  steel  produced  from  Swedish  iron,  and  others 
having  the  same  characteristics ;  and  who  further  assert  that  no  mode  has  yet 
been  discovered  of  converting  into  good  steel  the  common  iron  of  this 
country,  produced  by  the  ordinary  processes  in  use. 

It  is  even  Ioiotnti,  moreover,  tiiat  Mr.  Heath  was  not  very  successfol  in  his 
own  experiments ;  for  he  had  a  furnace  built  at  the  Fitzalan  Works  under 
his  own  directions,  for  the  purpose  of  granulating  the  iron  by  melting  and 
letting  it  fall  into  water ;  much  as  is  done  by  Mr.^Bessemer,  Capt.  Uchatins, 
and  some  other  patentees  of  our  own  day.  But  the  steel  made  by  him  was, 
when  his  own  plan  was  followed,  in  every  respect  so  unsatisfactory,  as  to 
lead  to  the  abandonment  of  the  plan. 

Bessemex's  Patent. — ^The  improvements  claimed  are,  firstiy,  in  preparing 
the  iron  for  its  conversion  into  steel ;  for  which  purpose,  bar,  plate,  hoop,  or 
scrap  iron,  is  put  between  a  pair  of  "  slitting  rolls,"  whereby  they  are  cut 
into  narrow  strips,  which  are  afterwards  put  crosswise  through  the  same  rolls, 
so  as  to  cut  the  metal  into  small  pieces ;  a  revolving  cutter  or  other  suitable 
shearing  machine  may  also  be  used.  In  other  cases,  granulated  puddled  iron 
is  used  in  lieu  of  the  small  pieces  of  bar,  plate,  hoop,  or  scrap  iron ;  the  metal 
so  granulated  or  cut  will  then  be  in  a  condition  suitable  for  its  conversion! 
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into  Bteel  by  the  process  of  cementation  with  charcoal  or  other  carbonaceous 
substances  in  close  retorts,  tubes,  or  chambers,  placed  in  a  vertical  position, 
so  as  to  admit  of  the  iron  and  charcoal  falling  through  by  the  force  of  gravity 
whenever  the  lower  portion  of  the  vertical  column  of  materials  is  removed. 
The  upper  and  lower  parts  of  the  retorts  are  to  be  kept  cool,  by  placing  them 
in  a  tank  of  water  or  by  exposing  their  outer  surfaces  to  the  atmosphere, 
while  the  central  portion  is  exposed  to  a  red  heat  in  a  suitable  furnace  or 
oven.  The  parts  of  the  chamber  exposed  to  the  action  of  the  fire  should  be 
constructed  of  fire-clay,  while  the  top  and  bottom  ends  of  the  retorts,  tubes, 
or  chambers,  may  be  made  of  iron,  to  facilitate  their  cooling.  The  lower  ends 
of  the  retorts,  tubes,  or  chambers  are  provided  with  sliders  or  stop-pieces 
below  the  tubes,  for  the  discharge  of  a  portion  of  the  materials  from  time  to 
time.  When  a  portion  of  the  charge  of  materials  is  thus  allowed  to  escape 
firom  the  lower  ends  of  the  retorts,  a  firesh  portion  should  be  admitted  into 
the  upper  end,  and  thus  the  process  rendered  continuous  after  the  process  of 
cementation.  The  charcoal  may  be  separated  from  the  converted  iron  by 
allowing  the  mixed  materials  to  fall  into  water,  from  the  surface  of  which  the 
charcoal  may  be  removed.  The  metal  so  treated  is  to  be  smelted  in  close 
pots  or  vessels,  from  which  the  atmosphere  and  vapours  of  the  fiimace  are 
excluded  during  the  melting  process.  When  puddled,  scrap,  or  other  iron 
has  been  converted  into  steel  by  cementation  in  upright  retorts,  or  by  any 
other  means,  or  when  iron  has  been  partially  deprived  of  its  carbon  by  pud- 
dling, or  when  iron  bars  are  converted  into  blister- steel  by  cementation,  it  is 
melted  in  order  that  the  crude-steel  may  be  cast  into  ingots  for  the  purpose  of 
being  rolled  or  tilted  into  sheets,  bars,  or  rods,  or  in  order  that  the  molten 
steel  may  be  run  into  moulds  for  the  production  of  various  articles  in  cast- 
steel  by  the  founding  process;  for  this  purpose  a  famace  is  constructed, 
divided  into  a  number  of  compartments  or  chambers,  each  one  having  a 
separate  fire-grate  and  flue,  so  that  each  compartment  may  be  worked  inde- 
pendently of  tilie  other.  This  furnace  is  of  a  circular  form,  having  a  large 
cone  rising  from  its  centre,  around  which  the  separate  compartments  are 
arranged ;  the  mouth  of  each  one  is  on  a  level,  or  nearly  so,  with  the  floor  of 
the  foundry,  and  below  groimd  is  a  large  "  cave,"  into  which  the  ash-pits  of 
the  several  fire-grates  open,  and  by  means  of  which  the  workmen  get  access 
to  the  under  side  of  the  fire-grates ;  the  cave  serves  as  a  means  of  supplying 
air  to  the  furnace,  the  air  descending  through  gratings  in  the  foundry  floor. 
The  central  cone  is  so  constructed  that  separate  flues  for  each  compartment 
of  the  furnace  are  formed  in  the  thickness  of  its  walls :  the  central  part  is 
open  at  the  top  to  the  air,  and  the  space  within  the  cone  at  its  base  forms  the 
casting-pit,  in  which  the  moulds  are  placed ;  access  is  had  to  the  casting-pit 
through  an  arched  opening  on  one  side  of  the  cone.  Into  each  compartment 
of  the  furnace  a  fire  clay  or  black-lead  melting-pot  is  placed,  raised  above  the 
fire-bars  on  a  hoUow  fire- clay  support;  the  pots  have  a  tapping- hole  in  the 
lower  part,  which  may  be  stopped  up  with  damp  sand,  loam,  or  luting — having 
access  to  it  through  the  hollow  support  of  the  pot  from  the  under  side  of  the 
fire-bars ;  the  tapping-hole  is  placed  vertically,  but  when  placed  in  a  horizon- 
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tal  direction,  the  tapping-hole  is  opened  by  introducing  a  rod  through  a  hole 
made  in  the  front  of  the  furnace  for  that  purpose.  The  upper  pcurt  of  the  pot 
has  a  dome,  having  a  central  hole  for  the  ping  to  pass  through,  and  one  or 
more  feeding-holes,  with  suitable  plugs  to  close  them  air-tight 

The  cover  should  be  mounted  on  wheels,  and  have  a  rim  or  flange  fitting 
so  close  to  the  top  of  the  furnace  as  to  exclude  the  air  as  far  as  possible,  or  a 
sand-joint  may  be  formed.  At  the  back  of  the  ash-pit  of  each  compartment 
there  is  an  opening  in  the  wall  of  the  cone,  through  which  at  the  time  of 
casting  an  iron  gutter  is  placed,  lined  with  loam,  one  end  of  each  gutter  being 
placed  below  the  tap-hole  of  one  of  the  melting-pots,  while  the  other  end  of 
the  gutters  communicate  with  the  gate  of  the  mould,  so  tliat  on  a  signal  being 
given,  the  workmen  simultaneously  open  the  tapping-holes  of  all  the  melting- 
pots  :  the  contents  may  thus  be  rapidly  accumulated  in  a  single  casting  when 
required.  When  small  castings  are  required,  the  tap-hole  should  be  stopped 
with  a  long  fire-clay  plug,  which  may  be  used  as  a  valve  to  let  out  as  much 
metal  as  is  required  at  a  time,  the  plug  keeping  the  tap-hole  shut  until  another 
mould  is  ready.  In  order  to  obtain  the  intense  heat  requisite  to  melt  steel, 
good  hard  coke  may  be  placed  all  around  the  melting-pot,  and  also  over  the 
top  of  it,  so  that  it  may  be  completely  enveloped  in  the  burning  fuel.  When 
a  mixture  of  iron  is  put  with  the  steel,  the  iron  is  put  at  the  top  of  the  charge 
of  steel,  so  that  when  it  melts  it  may  run  down  and  fill  the  interstices  be- 
tween the  pieces  of  steel,  and  assist  in  their  fusion. 

In  order  that  the  invention  may  be  carried  out  with  economy  in  situar 
tions  where  coke  is  more  expensive  than  coal  as  a  fuel,  the  following  altera- 
tions in  the  form  of  the  melting-vessels  and  furnace,  which  will  admit  of  the 
use  of  coal  in  its  raw  state,  is  used :  the  retorts  are  made  with  closed  tops,  to 
exclude  the  atmosphere  and  gases  of  the  furnace,  and  provided,  in  like  man- 
ner, with  tapping-holes  for  the  discharge  of  the  fluid  metal. 

For  this  purpose  a  furnace  is  constructed  similar  in  form  to  the  common 
reverberatory  furnace ;  the  part  behind  the  fore-bridge  being  occupied  with 
fire-clay  retorts,  placed  crosswise  of  the  furnace,  and  supported  at  different 
parts,  so  as  to  form  a  series  of  flues  beneath  them,  while  the  flame  is  aHowed 
to  pass  over  and  envelop  them  as  much  as  possible.  The  retorts  have 
closed  ends  and  tops,  with  the  exception  of  a  feeding  or  charging  hole  near 
the  upper  part,  and  a  small  tapping-hole  near  the  bottom,  which  is  to  be 
plugged  with  loam,  damp  sand,  or  a  plug  of  fire-clay,  during  the  melting  of 
the  materials,  after  which  the  tapping-holes  are  opened,  and  the  contents  of 
the  melting-vessels  may  be  run  into  a  ladle  or  direct  into  the  mould ;  or  the 
after-part  of  the  furnace  may  be  so  formed  as  to  melt  down  the  iron,  or  receive 
a  charge  of  melted  iron  from  another  furnace ;  and  the  steel  may,  in  that 
case,  be  melted  alone,  and  be  afterwards  tapped  out  and  allowed  to  flow  into 
the  fluid  iron  in  the  after-part  of  the  furnace,  from  which  the  whole  may  be 
ran  into  moulds,  whereby  cast-steel  articles,  or  articles  of  a  mixture  of  steel 
and  iron,  may  be  produced. 

In  a  subsequent  specification  Mr.  Bessemer  professes  to  make  steel  of  a 
superior  quality  by  following  up  his  process  for  refining  crude-iron  by  the 
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process  already  described  in  a  former  chax)ter.  The  modified  process  by 
which  it  is  proposed  to  prepare  the  iron  for  conversion  into  steel  of  a  superior 
qualify,  is  as  follows  :  He  proceeds,  in  the  first  place,  to  refine  the  crude  iron, 
canying  on  the  process  until  the  most  complete  refinement  has  been  effected, 
and  the  iron  is  as  nearly  pure  as  may  be ;  he  then  pours  the  fluid  iron  into 
water,  by  which  it  becomes  granulated,  and  the  grains  or  shot  so  produced 
are  afterwards  converted  into  steel  by  the  process  of  cementation  with  chai*- 
coal  in  the  upright  retorts,  already  described.  The  blister-steel  so  produced 
is  melted  in  crucibles,  as  at  present  generally  practised  in  the  manufacture 
of  cast-steel,  or  by  any  other  suitable  means. 

Vchatlus's  FzoceM. — ^In  this  process  the  pig-iron  is  granulated  by  pour- 
ing it  while  in  a  molten  state  into  water,  and  it  is  then  in  the  best  state  for 
conversion  into  oast-steel.  To  the  pig-iron  thus  reduced,  pulverized  sparry 
iron  and  fine  clay  are  added ;  or  gray  oxide  of  manganese  may  be  used  instead 
of  the  latter.  This  mixture  is  put  into  crucibles,  and  the  process  of  melting 
and  casting  is  proceeded  with  in  the  usual  way  for  producing  cast-steel.  In 
order  to  obtain  the  harder  kinds  of  steel,  charcoal  may  be  added  in  small 
quantities  to  the  above-mentioned  combinations.  In  the  words  of  the  speci- 
fication of  the  patents,  this  process  is  founded  on  the  assumption,  that  cast- 
iron,  enwrapped  or  surrounded  by  any  oxygenized  materials,  and  subjected  to 
a  cementing  heat  for  a  given  time,  will  yield  up  a  portion  of  its  carbon,  which 
will  combine  with  the  oxygen  driven  off  from  the  surrounding  materials,  and 
foim  carbonic  oxide  or  carbonic  acid  gas.  If  the  operation  is  interrupted 
before  the  completion  of  the  process,  a  partiaUy  decarbonized  iron  will  result, 
the  surfiEuse  of  which  will  have  been  converted  into  a  pure  iron,  while  the 
interior  parts  remain  unchanged;  or,  in  other  words,  the  progress  of  the 
decarbonizing  action  will  depend  on  the  amount  of  metallic  surface  brought 
into  contact  with  the  oxygen-yielding  material  with  which  the  iron  is  sur- 
rounded. In  order  to  expedite  the  operation,  the  pig-iron  is  reduced  to  a 
granulated  state ;  and  to  economize  fuel  and  labour,  the  heat  required  for  effect- 
ing the  decarbonization  of  the  iron  is  used  to  reduce  the  metal,  when  sufficiently 
decarbonized,  to  a  molten  state,  and  thus  by  one  and  tlie  same  heating  to  convert 
it  into  cast-steel,  which  only  needs  to  be  forged  to  prepare  it  for  the  market. 
The  granulated  iron  is  mixed  with  about  twenty  per  cent,  of  roasted  pulver- 
ized sparry  iron  ore  and  four  per  cent,  of  fire-clay ;  the  mixture  is  placed  in 
fire-clay  crucibles,  and  subjected  to  the  heat  of  a  cast-steel  blast-fiimace  of  an 
ordinary  construction.  By  thus  subjecting  the  granules  of  iron  in  presence 
of  the  spany  iron  ore  to  a  melting  heat,  the  enwrapping  oxides  will  first  effect 
a  partial  decarbonization  of  the  granulated  iron,  which  decarbonization  will 
be  limited  in  amount  according  to  the  size  of  the  granules  operated  upon  ; 
and  by  reason  of  the  continued  application  of  heat,  the  iron  will,  with  tlie 
assistance  of  residues  of  the  sparry  iron  ore,  melt  and  separate  from  the  im- 
purities with  which  it  was  mixed,  and  bring  down  with  it  a  portion  of  tlic 
iron  contained  in  the  sparry  iron  ore,  thereby  increasing  the  yield  of  cast- 
steel  by  about  six  per  cent. 

The  quality  of  the  steel  is  capable  of  being  by  this  process  considerably 


Digiti 


ized  by  Google 


364 


NATDBAL  STEEL. 


modified.  Thus,  the  finer  the  pig-iron  is  granulated,  the  softer  will  be  the 
steel  made  therefrom.  The  softer  sorts  of  welding  cast-steel  may  be  obtained 
by  an  addition  of  good  wTought^iron  in  small  pieces,  and  the  harder  qualities 
by  adding  charcoal  in  various  proportions  to  the  before-mentioned  mixture. 

It  would  be  foreign  to  our  purpose  even  to  name  all  the  processes  patented 
for  this  interesting  manufacture ;  even  to  do  so  would,  indeed,  more  than  fill 
the  space  we  can  devote  to  the  subject.  We,  therefore,  content  ourselves 
with  what  may  be  considered  the  more  prominent  patent  processes. 

Hatmal  Steel. — The  principal  countries  whence  the  so-called  natural 
steel  is  obtained,  are  situated  in  the  vicinity  of  very  pure  and  easily  fused 
iron  ores;  in  the  Central  Alps,  Styria,  Carinthia;  on  the  Siog,  the  Moselle, 
and  the  Soane ;  and  in  the  neighbourhood  of  the  Stahlberg  at  Miisen,  and  in 
the  Thuringian  forests ;  as  these  can  only  be  profitably  worked  where  char- 
coal fuel  is  easily  obtained,  the  production  is  limited  by  the  resources  of  tlie 
neighbouring  forests.  Besides  the  processes  we  are  about  to  describe,  by 
which,  from  the  excellence  of  the  ores,  steel  is  obtained  by  merely  remelting 
the  pig-iron,  steel  is  also  obtained  in  various  parts  of  Germany  by  a  puddling 
process.  Since  1850,  however,  converting-furnaces,  on  the  most  improved 
principles,  have  been  constructed  both  in  France  and  Germany ;  and  the 
best  judges  bear  testimony  to  an  immense  improvement  in  the  steel  imple- 
ments manufactured  in  these  countries  since  the  Great  Exhibition  year. 

The  various  methods  for  refining  raw  steel  in  Germany  depend  upon  the 
natm*e  of  the  iron  to  be  operated  upon;  they  are  described  as  follows  by 
Dr.  Bruno  Kerll,  to  whom  we  are  indebted  for  the  facts  herein  stated. 

1.  Gray  raw-smelted  cast-iron,  of  a  light  liquid,  occurs  in  Westphalia, 
Silesia,  Konigshiitte,  in  the  Hartz  Mountains,  in  North  Germany,  and  in 
Sweden. 

2.  White  rough  smelted  cast-iron  (specular  iron)  occurs  in  Siegen,  in 
Western  Germany,  in  Sweden,  and  is  used  in  some  fVench  foundries.  This 
iron  differs  slightly  from  the  former,  so  far  as  is  required  for  tlie  treatment 
of  specular  iron. 

3.  White  refined  cast-iron,  which  has  been  freed  from  a  portion  of  its  car- 
bon in  its  preliminary  treatment.  This  occurs  in  Styria,  Carinthia,  and  the 
Tyrol — at  least  in  Noiihem  Styria  and  a  portion  of  the  Tyrol. 

According  to  the  South  German  method,  the  iron  is  first  prepared  in 
distinct  furnaces,  then  remelted  and  cast  into  ingots  or  pigs ;  while  in  North 
Germany  the  smelting  and  converting  process  takes  place  in  tlie  same  furnace, 
and  answers  to  the  preliminary  preparation  of  the  Styrian  method.  The 
metal  thus  prepared  is  refined  into  ingots,  and  a  considerable  gain  in  time 
and  fuel  results.  All  tliese  methods  produce  the  same  results  where  the  iron 
is  of  a  similar  quality;  and  the  higher  reputation  in  which  the  South  German 
method  stands,  is  chiefly  owing  to  tiie  superior  quality  of  the  material. 

In  the  working  of  gray  rough-smelted  cast-iron  of  a  slighUy  fluid  character, 
the  pigs  of  cast-iron  are  fresh  warmed  at  the  mouth  of  the  furnace,  then  gra- 
dually melted  down  with  iron  slag,  the  blast  used  being  very  deep  and  rapid, 
and  the  fuel  suffered  to  bum  hollow.    When  the  iron  is  precipitated  in  a 
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molten  form,  the  blast  is  gradually  reduced,  and  tlie  iron  stirred  up  for  some 
time  with  more  slag,  until  it  becomes  rather  stiff.  In  this  manner  vmous 
lumps  of  cast-iron  are  smelted  down.  The  blast  is  now  set  to  work  with  great 
rapidity,  and  the  iron  is  stirred  round,  becoming  more  fluid  with  the  increased 
heat.  If  the  steel  be  allowed  to  run  from  the  slag-hole  at  the  period  when  it 
becomes  fluid  at  tlie  surface,  the  result  is  the  so-termed  wild-steel,  wliich, 
while  excessively  hard,  possesses  no  malleability  or  capacity  for  welding,  and 
is  never  sought  after  for  the  wire-drawers.  If  the  mass  has  so  far  progressed 
that  the  cakes  settling  on  the  bottom  can  no  longer  be  pierced  by  the  poker, 
additional  lumps  of  cast-iron  are  thrown  in  as  described  above,  and  again 
stirred  up.  On  smelting  a  new  pig,  the  mass  contained  in  the  furnace  is 
again  reduced  to  a  liquid  state,  in  order  that  the  steel  may  be  a  thoroughly 
homogeneous  mixture.  The  great  object  is  to  interrupt  tiie  process  at  the 
exact  moment  when  the  mass  begins  to  harden,  and  scales  attach  themselves 
to  the  crowbar.  The  blast  is  then  removed,  the  fuel  is  thrust  back,  the 
lumps  are  taken  out,  brought  under  the  forge-hammer,  broken  into  several 
pieces,  and  welded,  while  the  smelting  process  is  still  gQing  on  with  other 
ingots. 

This  treatment  is  principally  employed  in  Westphalia  and  Silesia  for  gray 
cast-iron,  but  is  also  applied  to  the  white  iron  at  the  Konigshiitte  in  the 
Hartz.  In  Westphalia  and  Upper  Silesia,  1  cwt.  of  raw  steel  requires  40 
Prussian  cubic  feet  of  coals.  In  ordintuy  cast-iron,  3  cwt.  generally  give  2  cwt. 
of  steel ;  better  sorts  give  6  cwt.  from  7  cwt.  of  cast-iron ;  and  in  our  very 
best  varieties,  4  cwt.  of  raw  iron  give  3  cwt.  of  raw  steel.  The  weekly  produc- 
tion of  a  furnace  wiU  amount  to  about  25  cwt.  At  Konigshiitte,  100  lbs.  of 
white  cast-iron  give  76*  63  lbs.  of  raw  steel;  and  100  lbs.  of  raw  steel  require  28  1 
cubic  feet  of  coals.  From  2  to  2}  cwts.  of  raw  iron  are  smelted  on  each  firing. 
In  the  Mark,  old  welding  iron  is  added,  by  which  the  refining  process  is 
assisted ;  but  the  result  is  an  absence  of  that  homogeneous  mixture  required  in 
the  best  steel.  In  Styria,  the  gray  raw  iron  is  brought  to  a  white  heat  in  a 
peculiar  closed  furnace,  and  is  tiien  suflered  to  nin  off  in  a  molten  state 
through  a  tap. 

The  conversion  of  specular  iron  into  steel  is  also  effected  in  Siegen,  and 
the  process  only  differs  from  the  North  German  method  in  consequence  of 
t}ie  specular  iron  being  rendered  fluid  at  a  lower  degree  of  heat,  and  thicken- 
ing more  rapidly  than  the  other  ores.  The  steel  produced  from  it  is  also 
more  homogeneous.  The  welded  bars  are  thrown,  while  still  at  a  red  heat, 
into  running  water,  being  thus  hardened  and  afterwards  broken  into  thin 
bars,  by  which  two  sorts  of  steel  are  obtained — ^namely,  75  to  76  per  cent, 
of  hard,  brittle  steel,  and  24  to  25  per  cent,  of  a  softer  and  less  brittle  quality. 
100  lbs.  of  raw  steel  consume  about  17  cubic  feet  of  coals ;  and  one  fire  pro- 
duces  weekly  from  40  to  50  cwt.  of  steel. 

Two  methods  may  be  distinguished  in  working  white  refined  cast-iron 
containing  a  smaller  proportion  of  carbon.  In  the  St3nrian  steel-forging  pro- 
cess employed  in  Northern  Styria,  at  St.  Gallon,  and  in  a  portion  of  the 
Tjrrol ;  blooms  which  do  not  contain  too  much  carbon  are  placed,  without 
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any  preliminaiy  working,  at  a  considerable  height  above  the  mould  in  a 
forge,  and  smelted  down,  with  a  blast  either  high  or  low,  according  to  the 
nature  of  the  iron. 

The  Carinthian  or  Bresciaa  steel  forging  process  is  distingoished  from 
the  Styrian  method,  by  the  smelted  cast-iron  being  torn  into  pieces  in  the 
furnace,  these  being  ^en  roasted  by  the  usual  process,  and  then  worked 
np  into  steeL  Through  these  preliminary  processes,  which  entail  an  in- 
creased expense  in  firing,  a  better  article  is  produced,  which  is  not  generally 
refined,  but  merely  heated  and  drawn  out  by  the  hammer. 

The  Carinthian  method  is  employed,  with  a  few  modifications,  in  the 
Paal  (in  Styria) ;  whence  the  Brescian  forging  is  divided  into  the  Carinthian 
proper  and  the  Paol  system.  Both  haye  the  process  in  common,  the  pro- 
portion of  unprepared  iron  being  larger  in  the  Paal  than  in  the  Carinthian 
method ;  and  in  the  same  process,  the  ingots,  which  are  employed  to  refine 
the  cast  iron,  possess  a  higher  grade  of  refinement  Furthermore,  in  the  Paal 
method,  all  the  ingots,  prior  to  welding,  are  dipped  into  raw  iron  in  a  liquid 
state  in  the  furnace ;  and,  by  remaining  in  it,  the  steel  gains  both  in  hardness 
and  firmness.  By  the  Paal-Brescian  process,  yarious  sorts  of  sted  are 
obtained,  which  are  distinguished  according  to  their  quality  and  mould. 

Puddled  SteeL — The  German  steel  manufacturer^  employ  the  puddling 
process  for  rendering  their  product  available  for  many  purposes.  This  pro- 
cess has  tlus  advantage  over  the  steel  smelted  direct  from  the  ore  or  from 
pig-iron,  that,  by  a  slightly  modified  manipulation,  harder  or  softer  steel  can 
be  obtained.  When  a  fine  hard  quality  of  steel  is  required,  smelted  and 
cemented  steel  must  be  employed,  the  puddled-steel  being  only  suited  to  fill 
the  gap  which  exists  between  smelted-steel  and  puddled  bar-iron. 

In  steel  puddling,  the  whole  mass  of  smelted  iron  is  brought  into  contact 
with  the  oxygen  by  repeatedly  stirring,  as  in  iron  puddling ;  so  that  at  last 
the  smelted  portions  are  capable  of  being  welded.  As  soon  as  the  iron  is  in 
a  liquid  state,  it  begins  to  rise,  and  refined  ingots  are  formed ;  the  forge-plate 
and  puddhng-holes  are  closed,  by  which  the  remaining  iron  is  precipitated  to 
the  hearth,  where  it  is  covered  by  tlie  still  raw  slag.  The  decrease  of  tem- 
perature, consequent  on  excluding  the  air,  soon  produces  such  a  considerable 
degree  of  consistency  in  the  mass  of  metal,  that  the  workman  is  able  to  form 
it  into  tlie  required  balls,  and  bring  it  under  the  hammer,  where  it  is  ham- 
mered into  the  required  shape.  The  ingot  thus  formed  is  again  heated,  and 
brought  to  the  proper  form  under  the  rollers.  In  tliese  operations,  the  de- 
oxidizing effects  of  the  atmosphere  on  the  metal  are  to  be  avoided  as  much  as 
possible. 

For  the  production  of  good  steel,  the  slag,  after  the  stirring  is  completed, 
shotdd  be  in  such  a  state  of  combination,  that,  with  a  proper  degree  of 
fluidity,  its  decarbonizing  effect  is  reduced  to  a  minimum.  By  the  employ- 
ment of  specular  iron,  which  melts  easily  to  a  fluid  state,  the  metal  retains  its 
heat  in  the  fiimace  to  the  end  of  the  process,  while  the  addition  of  cold  raw 
slag  restores  it  to  the  proper  refining  temperature.  Less  dependent  for  suc- 
cess on  the  condition  of  the  added  sla^  is  the  steel-puddling  process  for  work- 
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ing  np  honeycombed  iron,  which  contains  a  slight  proportion  of  manganese 
and  carbon. 

The  ingots  produced  in  the  puddling-fcunace  are  either  refined  by 
faggoting,  as  before  described,  or  heated  to  a  welding  point,  and  rolled  or 
hammered  to  the  proper  dimensions. 

The  German  steel-pnddling  furnaces  differ  from  the  bar-iron  puddling- 
fomaces  in  having  a  rather  smaller  and  deeper  hearth,  a  tighter  closing. chim- 
ney, fewer  additions  of  raw  iron,  and  coarser  slag  fluxes.  For  the  better  pre- 
servation of  the  side- walls  of  the  puddling-stove,  the  iron  walls  are  provided 
with  a  thick  water  drcolation  (as  at  G^isweide  in  Siegen),  or  with  a  strong 
ventilating  machine  (as  at  Hasps  in  Westphalia) ;  and  the  sole-plates  are  two 
to  three  inches  thick,  for  the  purpose  of  quicker  cooling. 

In  steel-pnddling,  the  duration  of  the  charge  is  somewhat  shorter  than  in 
iron-pnddling;  but  through  the  slight  addition  of  slag,  the  repeated  repairs 
of  the  ground,  the  more  costly  fluxes,  Ac.,  the  production  of  steel-ingots  is 
generally  more  expensive  than  that  of  forged  iron  pigs.  In  steel-puddling, 
the  main  point  is  that  the  work  may  go  on  as  ngularly  as  possible  from 
beginning  to  end,  that,  therefore,  the  smelting  and  refining  may  follow  regu- 
larly, and  that  the  refined  mass  may  be  removed  from  the  furnace  as  speedily 
as  possible.  For  this  purpose,  great  care  must  be  taken  not  to  add  different 
qualities  of  iron,  which  behave  differently  in  smelting  and  refining ;  for  in- 
stance, the  fluid  specular  iron  and  gray  iron  should  never  be  mixed  up  with 
the  white  honeycombed  iron,  which  assume  a  pasty  condition  in  the  fiimace. 
By  the  addition  of  such  different  qualities  of  metsJ,  one  portion  of  the  iron 
would  be  undergoing  the  refining  process,  while  the  remaining  more  carbon- 
ized and  fluid  portion  still  remains  in  a  liquid  form  in  the  furnace. 

The  object  of  steel-puddling  being  only  to  consume  a  portion  of  the  carbon 
contained  in  the  raw  iron,  is  principally  facilitated  by  the  exclusion  of  air  at 
the  moment  when  the  still  remaining  carbon  is  sufficient  for  the  production 
of  steel.  In  Germany,  puddled-steel  is  not  employed  so  much  in  sharp 
weapons,  blades,  hard  instruments,  files,  pins,  and  saws,  as  in  the  rolled  out 
state  for  steel  ornaments  and  fancy  articles  for  common  cast-steel,  for  steel 
axles,  winches,  tires,  &c. 

Damaskeened  SteeL — By  damaskeened  steel  is  meant  that  sort  of  steel 
which  receives  shades  of  a  darker  and  lighter  colour  after  the  surface  has 
been  corroded  with  acids :  it  is  remarkable  when  genuine  for  its  elasti- 
city and  strength,  and  for  its  homogeneous  fracture  when  broken.  We  dis- 
tinguish— 

1.  Natural  Damascus  steel,  which  comes  from  India  and  Persia,  and 
which  is  distinguished  by  its  excellent  quality  and  mixed  veining,  and  is 
worked  up  principally  into  sword- blades.  These  Oriental  blades  consist  of  a 
more  highly  carburetted  steel  than  any  European  manufacture  seems  to 
possess,  and  in  which,  by  skilful  cooling,  a  division  of  two  different  carburets 
has  taken  place.  This  separation  is  clearly  visible  on  corrosion  with  acids, 
as  the  parts  exposed  to  the  action  of  the  acid  are  deepened  and  dyed  by  the 
exposure  of  the  carbon,  and  witli  the  other  less  affected,  and  consequently 
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brighter  parts,  produce  a  design,  more  or  less  delicate,  of  gray  and  white 
lines,  which  often  have  a  certain  degree  of  regularity.  A  distinction  is  made 
between  parallel  striping  or  waving  lines,  and  mosaic  damaskeening. 

If  the  cast-steel  is  made  in  iron  moulds,  as  usual,  the  above  separations 
do  not  take  place.  By  re-welding  and  sudden  cooling,  the  Damascus  steel 
loses  its  pattern.  The  Indian  Woolz,  as  especially  used  for  sword-blades, 
contains  foreign  substances  mixed  witli  it — as  nickel,  tungstate  of  iron,  or 
manganese — which  are  said  to  impart  the  peculiar  value  to  it. 

Few  European  smiths  have  succeeded  in  working  up  Indian  steel,  because 
they  do  not  accurately  know  the  temperature  required  for  its  treatment.  In 
consequence  of  the  large  amount  of  carbon  it  contains,  7*18  per  cent,  this 
can  only  be  effected  within  certain  climatic  limits :  if  too  high  a  temperature 
is  exhibited,  it  breaks  to  pieces  under  the  hammer ;  if  too  low,  it  assxmies  a 
hard  and  brittle  character.  The  iron  appears  disposed  to  receive  a  consider- 
able quantity  of  carbon,  through  the  manganese  combination. 

2.  Artificial  damaskeened  steel.  Attempts  have  been  made,  with  more  or 
less  success,  to  imitate  tl^  real  damaskeening,  and  the  following  methods  have 
been  suggested : — 

Luynes  entirely  imitated  the  Indian  process ;  smelting  soft  iron  with 
charcoal,  tungstate  of  iron,  nickel  and  manganese,  was  highly  successful.  The 
manganese,  more  especially,  produced  damaskeened  steel,  and  introduced  a 
large  quantity  of  carbon,  without  injuring  its  malleability. 

Breant  produces  a  most  valuable  damask,  very  closely  resembling  the 
real,  by  smelting  one  hundred  parts  of  iron  with  two  parts  of  lamp-black,  or  by 
smelting  cast-iron  with  oxidized  iron- filings. 

Clouet,  Hachette,  and  MiQe,  smelt  iron  plates  of  different  natures,  harder 
and  softer,  together,  and  produce  a  damask  remarkable  for  its  elasticity  and 
hardness,  but  not  having  the  wavy  damaskeening  of  the  real  blades. 
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CHAPTER  XVm. 

THE  APPLICATION  OF  STEEL  TO  YABIOUS  PURPOSES,  AND  THE  METHOD  OV 
HABDSNING  AMD  TEMPERING  APPLICABLE  TO  EACH. 

There  are  few  things  of  which  it  is  more  difficult  to  anderstand  Uie  rationale 
than  hardening  steel ;  or  why  the  same  operation,  of  heating  red-hot  and 
plunging  into  a  cold  fluid,  which  hardens  steel,  should  soften  copper. 

Some  persons  will  explain  eyerything,  whether  they  understand  it  or  not, 
and  for  this  also  have  they  found,  in  their  own  imaginations,  aperibctly  satis- 
faotoiy  answer,  and  cut  Uie  difficulty  by  saying  steel  is  condensed  by  Uie  opera- 
tion ;  but,  unfortunately  for  their  Uieory,  the  reverse  is  the  fact ;  and  instead 
of  being  condensed,  it  is  expanded  by  hardening,  as  any  one  may  soon  satisfy 
himself  by  taking  a  piece  of  steel  as  it  leayes  the  forge  or  anvil,  and  fitting  it 
exacUy  into  a  gauge,  or  between  two  fixed  points,  and  then  hardening  it ;  it 
will  then  be  found  that  the  steel  will  not  now  go  into  the  gauge  or  between  the 
fixed  points.  Or  let  him  zivet  together  a  piece  of  steel  to  a  piece  of  iron, 
filing  the  ends  of  both  even,  so  that  they  may  be  exactly  the  same  length; 
then  heat  them  to  a  proper  heat  to  harden  the  steel,  and  plunge  them  into 
.water,  he  will  find  the  expansive  force  of  the  steel  has  nearly  torn  the  rivets 
out,  and  that  it  extends  beyond  the  iron  at  both  ends.  Any  artide  may  be 
taken  with  steel  on  one  surfiBMse  and  iron  on  the  othep— such  as  a  joiner's 
plane-iron  in  the  forged  state — ^flat  on  both  sur&oes,  and  hardened ;  and  the 
expansion  of  the  steel  will  cause  that  side  to  be  convex,  and  the  iron  side  con- 
cave: how  this  is  got  flat  again  will  be  explained  afterwards. 

All  steel  expands  in  hardening;  but  that  the  most  which  is  most  highly 
converted,  and  in  direct  proportion  to  the  amount  of  carbon  it  received  in  that 
process.  No  oUier  general  rule  can  be  given  for  the  heating  of  steel  for 
hardening  than  this ;  that  it  should  in  all  cases  be  heated  as  regularly  as 
possible  to  the  lowest  temperature  at  which  that  particular  kind  of  steel  will 
harden,  and  as  little  as  possible  beyond  it,  remembering  that  the  more  highly 
converted  the  steel  is,  the  lower  the  temperature  at  which  it  will  harden; 
and  that  a  small  article,  such  as  a  penknife-blade,  will  harden  at  a  lower  tem- 
perature than  a  more  bulky  one  made  of  the  same  steel,  because  the  small 
article  is  more  suddenly  cooled.  The  hardening  of  very  bulky  articles,  such 
88  the  face  of  an  anvil,  oannot  be  efiected  in  the  same  way  as  smaller  articles, 
by  plunging  them  into  water ;  for  the  length  of  time  required  in  cooling  will 
be  almost  certain  to  leave  the  middle  of  the  £bu»  soft,  where  it  is  of  the  most 
oonsequenoe  that  it  should  be  hard.  "Where  the  anvU-forge  is  wodked  by 
water-power,  they  possess  the  best  means  of  hardening  them,  which  is  this. 
The  anvil,  properly  heated,  should  be  placed  in  a  water-tank  face  upwards, 
mder  a  shuttie  connected  with  the  milldam ;  the  shuttle  drawn,  and  a 
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heavy  and  contmnous  stream  of  water  let  fall  from  a  height  of  ten  or  twetre 
feet  upon  the  anyil-face,  which  effectually  hardens  the  surface. 

A  red-hot  anvil  plunged  into  water,  would,  for  a  time,  he  surrounded  hy 
an  atmosphere  of  steam,  which  would  prevent  its  direct  contact  with  the 
cold  water,  whereby  its  cooling  would  be  retarded  too  much  to  harden  the 
face ;  and  hence  the  advantage  of  a  continuous  stream  of  cold  water.  Hence 
also  the  necessity  of  moving  about  in  the  water  even  articles  of  a  pound  or 
two  in  weight,  to  remove  them  away  from  the  steam  as  it  is  generated  upon 
their  sur&ces,  and  thus  promote  more  rapid  cooling. 

It  is  a  good  plan  to  harden  hammer-faces,  where  there  is  a  tub  and  water- 
tap  conveniently  near,  by  plunging  the  red-hot  hammer,  held  with  the  face 
upwards,  into  the  water,  so  that  a  stream  fr^m  the  tap  may  &11  upon  its  &ce. 
The  feuce  of  hammers  and  anvils  is  ground  after  being  hardened,  but  should 
never  be  tempered. 

A  very  large  quantity  of  steel  is  used  for  file-making;  and,  within  the 
memory  of  persons  now  living,  great  changes  have  been  made  in  the  trade  by 
the  application  of  different  kinds  of  steel,  and  also  in  the  mode  of  preparing 
it  for  the  purpose.  It  is  only  about  eighty  years  since  large  files  were  made 
from  the  blister-bare,  without  previous  tilting  or  rolling.  At  that  time  the 
men  used  to  slit  the  bars  with  a  set  into  two,  three,  or  four,  according  to  the 
size  of  the  bars  and  the  files  to  be  made :  they  were  paid  for  the  making  by 
what  was  called  day-work,  for  at  that  time  it  actually  required  a  day  to 
make  the  quantity  known  by  the  designation  4^  dozen  of  10  inches,  4  dozen 
11  inches,  8  dozen  12  inches,  2  dozen  of  18  or  14  inches,  li  dozen  15  inches, 
1  dozen  16  inches,  were  a  day-work ;  but  all  were  not  paid  the  same  price  for 
making.  The  file-forgers  continued  to  be  paid  by  the  quantities  above  mentioned 
long  after  tilting-hammers,  by  drawing  the  bars  to  the  sizes  required,  had  so 
feusilitated  the  work,  that  thi^e  or  four  times  the  quantity  could  be  forged  in  a 
day  that  was  made  formerly.  At  the  commencement  of  this  century,  and  for 
about  twenty  years  afterwards,  the  materials  used  by  the  best  makers  for 
double-hand  work — ^that  is,  for  files  ten  inches  and  upwards — was  second 
marks  blister-steel,  such  as  GF,  gridiron,  Steinbuok,  S  and  dots,  for  boss  work, 
by  which  is  meant  such  kinds  as  require  a  swage  or  boss  to  form  them  as 
half-round  and  three-square  files ;  flat  work  was  made  principally  of  CCND, 
S  and  dots,  and  Steinbuok.  The  smaUer  kinds  only  and  saw-files  were  made 
of  cast-steel  at  the  ordinary  list  prices;  when  large-sized  cast-steel  files 
were  required,  they  were  charged  one-third  more  than  the  common  steel 
prices.  But  it  must  not  be  supposed  that  the  cast-steel  then  used,  for  which 
this  extra  price  was  charged,  was  the  same  in  quality  as  that  now  in  common 
use  by  the  file-makers ;  it  was  very  superior  to  it,  b^g  made  of  the  best  and 
second  marks  only.  At  the  period  referred  to,  rolled  steel  had  scarcely  come 
into  use  at  all  for  file-making,  the  makers  being  of  opinion  that  steel  drawn 
under  the  tilt-hammer  was  much  better  adapted :  they  therefore  had  the  steel 
for  half  round,  drawn  the  same  as  for  flat  files,  and  afterwards  brought  into  the 
half-round  form  in  bosses  (more  generally  known  in  other  places  by  the  name 
of  swages).     Three-square  or  triangular  files  were  made  of  square  steel,  by 
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potting  one  angle  downwards  in  a  triangular  swage,  or,  more  properly,  one 
forming  an  angle  of  120'',  and  hammering  upon  the  upper  angle  of  the  steol, 
while  the  proper  form  was  nearly  attained,  then  placing  eadi  angle  down- 
ward in  torn,  and  hammering  npon  the  upper  side  until  all  the'angles  were 
brought  sharp  up,  and  the  equilateral  triangular  shape  attained.  Bound  files 
also  were  made  of  square  steel,  the  points  being  drawn  square  as  for  square 
files ;  the  angles  were  then  Imocked  down,  thus  maldng  the  steel  octangular. 
If  this  were  well  and  regularly  done,  the  round  file  was  nearly  made ;  but  any 
fieialt  up  to  this  point  could  not  be  well  repaired  after  the  hammer  had  gone 
down,  the  angles  to  make  it  sixteen-sided ;  in  this  state  it  was  left  fox  the 
grinder  to  do  the  rest,  as  no  swages  were  used  by  the  forger. 

Triangular  rolled  steel  began  to  be  used  for  large  three- square  files  about 
the  year  1824 ;  and  the  immediate  cause  of  the  change  was  this : — ^About  that 
time  lace-making  machines  began  to  be  made  extensively  at  Nottingham,  for 
which  three-square  files,  from  fourteen  to  sixteen  inches,  were  required,  simi- 
lar to  the  thirteen  inch  files,  which  had  long  been  used  in  making  stocking- 
firames.  Making  these  large  three-square  files  was  unpopular  with  the  men : 
the  labour  was  much  greater,  they  were  less  productive  to  the  workman  than 
common  work ;  and  the  unusual  demand  coming  at  a  time  when  other  work 
was  abundant,  the  demand  could  not  be  met.  BoUs  were,  therefore,  turned  for 
this  particular  work  for  the  first  time.  The  lower  roU  has  grooves  turned  in 
it,  forming  two  sides  of  an  equilateral  triangle ;  and  the  third  side  is  made  by 
the  plain  roll  which  works  over  it.    Tlus  altogether  altered  file-making. 

Steel  prepared  in  this  manner  made  the  thickest  part  of  the  file,  which 
had  been  the  hardest  work,  into  the  easiest.  The  men  soon  refused  to  work 
anything  but  three-square  steeL  Smaller  sizes  were  then  introduced,  and  are 
now  used  universally  for  all  but  small  sizes  of  saw-files ;  and  when  square 
steel  is  used  for  them,  an  extra  price  must  be  given  to  the  forger.  Steel 
began  to  be  rolled  about  the  same  time  for  half  round  files.  The  first  rolls 
ware  made  to  form  the  steel,  so  that  a  cross  section  of  it  would  be  bounded 
by  two  arcs 'of  circles  of  difierent  radius  (Fig.  12) ; 
for  it  was  thought  that  if  the  steel  were  rolled 
quite  fiat  upon  one  side,  a  point  could  not  be 
drawn  without  the   edges   of  the   steel   being  Fig.  12. 

doubled  over  to  the  fiat  side ;  but  it  was  soon  found  to  be  easy  to  prevent 
this,  by  placing  that  port  of  the  steel  which  is  to  be  drawn  to  a  point,  with 
the  fiat  side  downward,  in  the  half  roimd  boss  or  swage,  and  giving  it  a 
blow  or  two  with  the  hand-hammer  to  turn  the  edges  towards  the  back.  The 
,  steel  is  now  rolled  to  the  segment  of  a  circle 
(Fig.  13),  produced  at  the  rolling-mill  by  turn- 
ing grooves  the  width  and  depth  required  in 
Fig.  13.  the  lower  roll,  with  a  plain  roll  over.    Steel  for 

round  files  is  now  rolled  round,  and  a  very  large  proportion  of  the  steel  for  fiat 
files  is  rolled  also.  The  reason  of  the  preference  formerly  given  to  tilted  over 
rolled  steel  was,  that  tilted  steel  appeared  much  finer  and  closer  grained 
when  broken  than  that  which  was  rolled;   and  this  difference  is  more 
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especiaUy  manifest  when  blister-steel  is  the  snbject  of  the  comparison.  But 
the  objection  against  rolling  of  the  greatest  weight  lay  in  the  manner  of 
heating  at  rolling-mills,  where  three,  four,  or  five  hundredweight  of  sted 
would  be  put  into  the  fire  at  once,  and  the  whole  heated  to  the  working  heat 
before  the  rolling  of  it  would  commence,  so  that  the  last  of  it  would  lie  in 
the  fire,  perhaps,  half^an-hour  at  a  higher  temperature  than  such  steel  ought 
ever  to  receive  before  it  was  rolled,  to  the  great  injury  of  its  quality :  while 
in  a  tilt,  though  one  or  two  hundredweight  of  bars  may  be  put  into  what  is 
called  the  smoke-hole,  they  can  there  only  be  heated  to  a  low  red-heat; 
whence  they  are  taken  one  by  one,  heated  quickly  in  the  blast  of  the 
hollow  fire  to  the  working  temperature,  and  tilted  within  one  minute  of  their 
becoming  hot  enough. 

But,  it  may  be  justly  said,  rolling  must  have  some  adrantages  over  tilting, 
or  roUed-steel  would  not  be  used  where  tilted  would  answer  the  purpose. 
The  advantages  of  rolling  are  these : — Bods  of  steel  can  be  made  more  ex- 
actly of  the  same  breadth  and  thickness,  from  end  to  end,  by  rolling  than  is 
attainable  by  tilting.  They  can  also  be  rolled  of  greater  length  than  they 
can  be  tilted ;  and,  since  ends  too  short  to  make  a  file  of  the  size  the  steel  was 
intended  for  are  never  drawn  down  by  the  workman  to  a  file  of  a  less  size, 
nor  are  two  ends  welded  together,  as  was  the  case  formerty,  it  is  an  advantage 
to  have  as  few  ends  of  bars  as  possible.  The  third  and  last  advantage  of 
rolling  is,  that  it  is  about  20  per  cent  cheaper  than  tilting. 

Half-a-century  ago,  the  greatest  customers  of  the  file-makers  were  the 
ironmongers,  and  their  customers  the  smiths,  who,  when  a  file  was  worn  out, 
could  use  it  to  steel  horse-shoes,  a  plough-share,  or  an  axe,  or  to  make  a 
chisel  or  some  other  tool ;  and  in  some  such  way  most  of  the  old  files  got 
used  up,  without  being  seen  or  coming  into  the  hands  of  the  file-maker  again. 
But  as  mechanical  invention  and  the  use  of  machines  greatly  increased,  the 
millwright,  engineering,  and  machine-making  establishments  became  the 
great  consumers  of  files  and  of  tools  made  of  steel;  and  not  having  the  same 
use  for  the  old  files,  and  worn-out  tools,  as  the  smiths,  the  engineers  sell 
them  as  scrap-steel,  to  be  worked  over  again  by  the  persons  of  whom  the 
files  and  steel  were  purchased  at  first.  The  increase  of  such  old  steel  began 
to  be  very  manifest,  about  the  time  that  commoner  and  lower-priced  Swed^ 
irons,  at  ^8  or  jCIO  per  ton,  began  to  be  introduced,  which  was  about  1828 ; 
and  the  readiest  way  which  presented  itself  of  using  up  this  scrap- steel  was 
to  make  common  cast-steel  of  it,  by  melting  it  with  hard  converted  common 
Swedish  blister-steel,  and  so  making  it  into  files  again.  In  this  way  the  files 
would  cost  little  more  (the  advantage  of  having  fewer  wasters  taken  into 
account)  than  those  made  of  the  higher  qualities  of  blister-steel,  the  diffei^noe 
in  the  cost  of  the  material  being  nearly  sufficient  to  pay  the  cost  of  the 
melting. 

The  same  causes  continue  to  operate,  so  that  the  actual  quantity 
of  cast-steel  files  has  been  greatly  on  the  increase  of  late  years ;  and  scarcely 
any  other  kind  is  supplied  to  engineers,  machine-makers,  and  iron-founders, 
or  for  the  American  and  Continental  markets,  than  this  scrap-steel  yields. 
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It  is  not  intended  to  enter  further  into  a  description  of  file-making,  than  may 
be  necessary  for  the  purpose  of  understanding  what  are  the  different  sorts  of 
steel  used,  and  the  proper  treatment  of  them.  Blister-steel  wiU  bear  a  greater 
heat  when  forged  than  cast-steel,  without  injury.  When  files,  after  being 
foiged,  are  heated  red-hot,  and  cooled  slowly  to  anneal  them,  so  that  they 
may  be  soft  enough  to  be  cut,  care  should  be  taken  that  they  are  never 
made  too  hot,  nor  continued  at  the  full  heat  for  any  length  of  time  after  they 
have  arrived  at  it,  for  that  is  almost  as  injurious  to  the  steeL  The  latter 
is  the  danger  most  to  be  dreaded  when  the  files  are  annealed  in  close  vesselsi 
which  some  recommend  to  prevent  oxidation ;  for  the  files  being  out  of  the 
view  of  the  person  in  charge  of  the  furnace,  he  is  not  so  able  to  judge  when 
he  ought  to  stop  the  heating,  as  when  the  files  can  be  seen  by  him  when  he 
wishes,  which  he  can  do  in  the  furnaces  as  they  are  usually  constructed. 
Where  this  operation  is  as  carefully  conducted  as  it  ought  to  be,  the  loss  by 
oxidation  will  be  very  trifling.  It  would  be  tedious  and  unneoessaiy  to  detail 
the  various  ways  employed;  the  object  should  be  to  heat  the  ste^  to  a  low 
red-heat,  and  cool  it  as  slowly  as  possible.  Omitting  the  grinding  and  cutting 
of  files,  we  come  to  the  hardening.  The  first  thing  to  be  done  is  to  protect 
the  teeth,  so  that  they  will  not  be  oxidized  when  heated;  this  is  done 
by  covering  them  with  something  which  will  fuse  at  a  red-heat,  and  form  a 
sort  of  varnish  upon  the  surface  of  the  file,  without  acting  chemically  upon 
the  steel,  and  which  can  easily  be  removed  when  it  has  answered  its  purpose. 
A  substance  answering  to  all  these  conditions  is  found  in  common  salt 
(hydrochloride  of  soda) ;  but  to  make  it  adhere  in  the  first  iastance,  some- 
thing must  be  used  with  which  it  will  form  a  kind  of  thin  paste.  A  paste  of 
flour  and  water  will  answer  well;  but  the  usual  substance  is  ale-grounds, 
obtained  from  the  hrewea,  or  firom  the  public- houses  where  they  brew.  Files 
are  dipped  in  a  mixture  of  these  ale-groimds  and  salt,  and  the  superfluous 
quantify  removed  by  tiie  finger  and  thumb,  or  with  a  brush;  then  heated  in 
a  hearth-fire  with  soft  coke  made  by  burning  a  soft  bituminous  coal,  not  m 
ovens,  but  on  the  surface  of  the  ground ;  and,  to  save  repetition,  it  may  be  here 
stated,  that  this  is  tbe  kind  of  coke  universally  used  in  hearth-fires,  for  mann- 
factttring  purposes,  in  Sheffield.  When  the  file  is  red-hot,  it  is  set  straight 
upon  two  lead-rests  set  upon  a  block — one  of  the  rests  beiug  movable,  so  that 
it  can  be  placed  nearer  or  farther  from  the  other  as  required ;  upon  these 
the  file,  held  by  the  tang  in  a  pair  of  tongs,  is  placed  as  upon  an  anvil,  if  it 
be  a  flat  three«quare,  round  three-square,  or  square  file,  and  is  made  straight 
with  a  hammer,  also  of  lead;  but  if  a  half-round  file,  it  must  have  such 
a  degree  of  curvature  given  to  it  as  experience  has  shown  to  be  necessary, 
that  it  may  be  expected  to  come  straight  out  of  the  water. 

Now  if  we  refer  back  to  what  was  said  of  the  expansion  of  steel  in  harden- 
ing; and  to  the  process  of  conversion  of  bar- steel,  by  which  it  was  shown  that 
bars  are  always  a  little  harder  on  the  outside  than  in  the  middle,  and  may 
be  a  good  deal  harder  if  the  conversion  is  hurried ;  and  also  that  one  side 
of  a  bar  may  be  more  converted  than  the  other  side  of  the  same  bar;  we  shall 
■ee  abundant  reason  to  expect,  that,  in  barsteel  files  especially,  this  irregOr 
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laxity  in  the  degree  of  carbonization  wQl  produce  corresponding  degrees  of 
irregularity  in  the  expansion  of  files  in  hardening,  and  be  prepared  to  witness 
its  manifestation  in  practice.  This  manifestation  will  be  that  when  a  bar, 
which  was  more  converted  on  one  side  than  the  other,  is  made  into  files,  the 
side  most  highly  conyerted  will  expand  more  than  the  other  in  hardening  ; 
and  the  effect  of  that  will  be  that  the  files  will  be  crooked  when  taken  ont  of 
the  water— the  hardest  side  will  be  full  and  the  other  hollow,  causing  what 
are  known  by  the  name  of  water- cracks.  The  file,  carefiilly  and  equally  heated 
to  the  proper  temperature,  held  by  the  tang  with  tongs,  is  now  dipped  into  a 
saturated  solution  of  salt  and  water,  contained  in  a  large  cistern ;  and  as  soon 
as  steam  ceases  to  be  generated  upon  the  surfiBUje  by  its  heat,  which  is  known  by 
the  noise  ceashig  which  is  made  by  it,  the  file  is  taken  out,  and,  if  it  be  a  large 
one,  there  is  generally  so  much  heat  in  it  as  to  cause  the  water  upon  its 
thickest  part  to  boil :  in  this  state  it  may  be  sprang  a  little,  and  will  retain  the 
position  thus  given  to  it  when  cold.  The  manner  of  doing  it  is  this : — ^The 
hardener  has  a  small,  strong,  rectangular,  wood-cistern,  half  full  of  salt-water, 
standing  beside  the  other,  across  the  top  of  which  there  is  a  strong  bar  of 
iron  fixed,  and  another  of  the  same,  movable  nearer  to  or  farther  from  the 
fixed  bar.  As  soon  as  the  file  is  taken  out  of  the  water,  the  man,  laying 
down  the  tongs,  takes  the  file  by  the  poiut  and  tang  in  his  hands  and  looks 
down  it ;  and  as  in  ninety-nine  cases  out  of  one  hundred  it  will  be  found  to 
have  run  a  little  crooked  in  the  water,  he  puts  the  point  or  tang  end  of  the 
file,  as  the  case  may  be,  under  the  fixed  bar  of  the  small  cistern,  and  using 
the  movable  bar  as  a  fulcmm,  presses  upon  the  other  end  of  the  file  with  one 
hand,  while  with  the  other  he  puts  water  upon  it ;  looking  at  the  file  again 
and  again,  and  using  the  same  means  to  bring  it  straight  until  it  is  nearly 
cold,  after  which  no  further  effect  can  be  produced  upon  it. 

Nothing  but  experience  can  teach  a  man  the  amount  of  pressure  which  is 
necessary,  and  may  be  safely  employed  without  breaking  the  file.  The  same 
method  ia  taken  with  all  descriptions,  whatever  the  kind  of  steel  they  are 
made  of,  to  obtain  straight  files ;  but  the  prevention  of  water-cracks  must  begin 
at  an  earlier  stage.  The  blister-steel  to  be  used  for  files  should  be  thoroughly 
converted,  and  be  broken,  by  some  careful  person  well  instructed  in  the  quali- 
ties and  properties  of  the  different  marks,  into  such  lengths  as  are  suitable, 
when  rolled  or  tilted,  to  make  a  bar  of  the  required  size.  If  he  finds  any  loo 
highly  carbonized  to  be  safely  used,  he  should  lay  it  aside  to  be  remelted ;  if 
too  hard  to  be  safely  used,  say  lor  sixteen-inoh  files,  it  may  be  broken  again  to 
make  files  of  eleven  or  twelve  inches,  for  there  is  not  so  much  danger  of 
water-cracks  when  it  is  drawn  to  smaller  sizes ;  and  such  as  h^  judges  not 
quite  sufficiently  converted  for  files,  will  be  suitable  for  fiuTiers'  rasps.  So  im- 
portant did  the  old  file-makers  consider  the  best  application  of  their  materials, 
that  they  generally  broke  up  their  bar-steel  themselves ;  but,  notwithstanding 
their  care,  the  anxiety  to  make  hard  files  caused  them  to  lean  towards  exces- 
sive hardness  of  conversion,  and ''  water- cracks"  were  of  very  firequent  occur- 
rence. No  other  method  occurred  to  them  by  way  of  prevention  than  this — as 
■oon  as  the  files  were  hardened,  to  warm  them  in  the  fire  asmuchasthejoonid 
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withont  tempering  them.  The  fracture  spoken  of  seldom  take  place  whOe 
the  steel  is  in  the  water,  but  frequently  many  hours  afterwards  they  are 
heard  to  give  a  sharp  click,  which  may  be  heard  several  yards  off  when  the 
fracture  takes  place;  and  they  are  far  more  subject  to  do  this  in  sharp  frosty 
weather,  and  when  the  water  is  very  cold,  than  at  other  times.  Now,  on 
examining  the  fractures  of  hundreds  of  bar-steel  files,  which  an  experience 
of  many  years  has  brought  under  notice,  it  always  appears  that  the  fracture 
takes  place  iu  the  middle  or  least  converted  part  of  the  steel,  and  the  parts 
are  held  together  by  the  outer  edges  or  most  highly  carbonized  parts ;  in 
fact,  it  is  the  expansive  force  of  those  parts  which  has  torn  the  other 
asunder.  Gast-steel  being  more  homogeneous,  is  not  nearly  so  much  sub- 
ject to  this  kind  of  fracture.  It  would  scarcely  be  excusable  to  say  so  much 
of  the  hardening  of  files,  if  the  greater  part  of  it  were  not  applicable  to  many 
tools  made  of  the  like  material 

When  iron  has  to  be  united  to  steel  by  welding,  as  in  making  joiners' 
plane-irons,  socket  chisels,  &c.,  shear-steel  is  used  for  the  common  kinds  and 
cast-steel  for  the  best.  Good  sheer-steel  will  make  good  tools ;  but  when 
ground  and  glased,  it  has  a  cloudy  appearance  which  cast-steel  is  free  from. 
In  welding  shear-steel  to  iron  there  is  little  difficulty ;  but  to  weld  cast- steel  to 
iron,  more  skill  ia  required.  We  shall  only  instance  how  cast-steel  plane- 
irons  are  made.  The  iron  used  should  not  be  less  than  three-eights  of  an 
inch  tliick,  and  its  breadth  about  two-thirds  of  the  breadth  of  the  intended 
plane-irons.  The  steel  should  be  as  good  as  possible,  and  rolled  into  rods 
about  one  inch  and  three  quarters  broad,  by  full  three-sixteenths  or  barely 
one-fourth  of  an  inch  thick.  The  iron  is  first  made  into  what  are  called 
moods  by  drawing  and  spreading  the  iron,  or  thin  end  of  the  plane-iron ;  it  is 
then  cut  off  from  the  bar,  leaving  about  two  inches,  to  which  the  steel  has  to 
be  welded  untouched  by  the  hammer.  It  ia  then  taken  by  the  thin  end  in 
tongs,  and  the  other  end  heated  for  welding  in  the  hearth-fire,  with  the  usual 
precautions  against  oxidation.  At  the  same  time,  and  in  the  same  fire,  but 
not  in  so  hot  a  part  of  it,  the  steel  is  heated  also ;  and  as  soon  as  it  is  red-hot 
it  is  taken  to  the  anvil,  and  one  edge  thinned  down,  then  taken  to  the  fire  again ; 
and  when  the  iron  is  at  a  good  welding  heat,  and  the  steel  as  hot  as  it  would 
be  safe  to  make  it,  the  forger,  taking  the  tongs  with  the  iron  iu  his  left  hand, 
and  the  steel  in  his  right,  goes  to  the  anvil,  laying  the  iron  upon  it,  and  the 
steel  withits  thinned  edge  towardshimself  and  acrossthe  iron ;  the  striker,  who 
is  standing  ready,  gives  the  steel  a  few  light  blows  with  his  hammer,  when 
it  will  be  seen  to  have  its  temperature  much  increased  by  its  contact  with  the 
hotter  iron ;  and  as  the  union  ia  to  be  effected  by  the  iron  bringing  the  steel  up 
to  its  welding  temperature,  it  is  desirable  and  even  necessary  in  order  to  ensure 
the  success  of  the  welding,  that  both  iron  and  steel,  in  such  articles  as  plane- 
irons,  should  be  considerably  thicker  than  they  will  be  in  the  finished  state. 
The  hardening  of  plane-irons  and  other  e^fed  tool8,i8  done  by  heating  them  in 
hearth-fires  and  plunging  them  into  water;  and  the  tempering  is  by  heating 
upon  a  thick  cast-iron  plate  with  a  fire  under :  the  plate  should  be  kept  below  a 
red  heat    The  tools,  rubbed  with  sandstone  that  the  colours  may  appear,  are 
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laid  upon  the  plate,  several  at  a  time,  and  attended  to  hj  one  person;  while 
another,  at  an  anril,  sets  them  straight  while  still  hot  from  the  temper- 
ing-plate.  Flane>irons,  socket-chisels,  and  snch  tools,  owing  to  the  expansion 
of  the  steel  in  hardening,  are  full  or  convex  on  the  steel  side,  and  the  setting 
is  done  hj  putting  them  iron-side  downwards  upon  the  anvil,  and  hammering 
the  steel  with  a  hammer  whose  fyuce  is  slightly  convex:  by  this  the  iron  is 
extended  and  the  steel  brought  flat  again.  Bnt  if  it  be  hammered  so  mnch  as 
to  make  the  steel  side  hollow,  there  is  no  remedy  for  it ;  as  any  farther  appli- 
cation of  the  hammer  would  only  make  matters  worse  by  extending  the  iron 
still  more.  Care,  therefore,  should  be  taken  not  to  go  too  for,  and  also  that 
the  blows  should  not  be  too  heavy,  but  that  they  be  distributed  as  equally 
as  possible,  not  going  too  near  the  edge,  which  endangers  breaking  the 
steel. 

Fifty  years  ago,  some  edge-tool  makers  had  their  tools  hardened  by  the 
forger  in  the  shop  in  which  they  were  forged,  and  this  was  looked  upon  as  a 
part  of  the  forger's  duty.  He,  feeling  no  interest  in  doing  this  with  the  care 
in  the  heating  that  ought  to  be  exercised,  good  steel  was  often  spoiled  by 
carelessness,  which  led  to  a  different  practice ;  and  the  hardening  of  light 
edge-tools  has  for  many  years  been  made  a  separate  operation,  and  done 
by  men  who  do  nothing  else,  and  are  paid  by  the  day ;  but  unfortunately  the 
practice  of  hardening  heavy  tools,  such  as  axes,  was  continued,  in  the  forging- 
shop,  imtil  British  axes  got  into  disgrace  in  the  American  market  Time 
however,  and  a  different  practice,  will  enable  us  to  retrieve  this  loss. 

Cast- steel  chisels  are  set  in  a  different  way,  by  what  is  called  a  setting- 
hammer  (Fig.  14),  made  of  very  good  hard  steel,  about  l^inch  X  iinch 

in  the  middle,  where  the  shaft  is 
fixed,  and  drawn  to  about  1  inch 
X  i  inch  at  the  two  ends  or  faces, 
which  are  ground  convex  in  the 
direction  of  their  breadth,  and  to 
an  obtuse  angle  in  the  direction  of 
their  thickness.  In  setting  har- 
dened steel  articles  with  this  kind 
of  hammer,  quite  a  different  me- 
thod has  to  be  pursued  to  that 
already  described ;  for  in  this  case 
the  parts  that  are  full  or  convex 
Fig.  ii>  are  to  rest  upon  the  anvil,  and 

great  care  must  be  taken  that  the  part  which  has  to  resist  the  blows  of  the 
hammer,  beds  firmly  upon  it,  otherwise  the  steel  will  be  broken.  The  setting 
of  a  cast-steel  chisel  is  effected  by  blows  of  the  setting-hammer  across  its 
breadth  upon  the  hollow  side  of  it ;  the  angular  face  of  the  hammer  cuts  to  a 
slight  depth  into  the  substance  of  the  steel  chisel,  and  in  that  manner  extends 
the  side  so  as  to  make  the  chisel  straight ;  the  same  method,  in  principle,  is 
applied  to  table-knives,  scissors,  and  some  other  things. 

Saws  are  made  of  cast-steel ;  and  the  ingots  for  all  but  cross-cut  saws  are 
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cast  oblongi  and  from  1^  inch  to  1}  inch  thick.  Cross-cut  ingots  are  cast  so 
that  one  ingot  will  make  a  saw,  as  represented  in  Fig.  15  ; 
80  that  when  the  ingot  is  rolled  end  on  to  the  length  of  the 
intended  saw,  it  will  be  nearly  the  shape  required,  this  shape 
of  ingot  being  adopted  to  preyent  wasting^  steel ;  for  it  must 
be  understood,  that  in  rolling,  the  steel  extends  the  way  it  ^- 1'« 
18  put  through  the  rolls,  and  scarcely  at  all  in  breadth.  Sheets  are  rolled 
square  when  large  drcular-saws  are  made ;  smaller  circular-saws  are  cut  from 
sheets  the  breadth  of  their  diameter.  Saw  ingots  are  made,  both  in  qualily 
and  weight,  to  suit  the  particular  kinds  required.  An  ingot  29 lbs.  weight  will 
make  a  dozen  26-inch  hand-saws ;  and  at  the  miU  it  is  first  rolled  into  a  sheet 
about  five  feet  long,  then  cut  with  the  shears  into  six  equal  parts,  each  of 
which  will  roll  into  a  sheet  26  inches  long  and  10  broad,  and  be  the  gauge  in 
thickness  suitable  for  that  kind  of  saw.  Each  sheet  is  cut  in  two  diagonally, 
having  the  point  of  one  saw  and  the  broad  end  of  the  other  at  each  end 
of  the  sheet  Saw-makera  have  pattern  templets  for  all  the  kinds  of  saws 
they  are  in  the  habit  of  making;  taking  a  26-inch  hand-saw  plate  as  an 
example,  the  templet  is  laid  upon  it,  and  its  shape  marked  upon  the  steel, 
the  waste  part  pared  off  by  a  pair  of  strong  shears,  which,  until  lately,  were 
worked  by  hand.  Now,  howeyer,  some  of  the  larger  manufacturers,  who  have 
steam-engines  upon  their  premises,  haye  shears  of  a  very  superior  construc- 
tion to  the  old  ones,  worked  by  steam-power,  by  which  one  man  can  do  mora 
work  than  four  could  do  by  the  old  method,  and  do  it  much  better. 

Saws  are  heated  in  an  aur-fhmace,  erected  outside  the  hardening-shop,  but 
communicating  with  it  either  by  a  pair  of  metal  doors  opening  into  the 
furnace,  or  one  door  sliding  up  and  down*  and  countexpoised  like  the  furnace- 
doors  of  a  rolling-mill. 

Instead  of  being  dipped  in.  water,  saws  are  dipped  in  oily  fluids.  Some 
saw-makers  affect  to  make  a  matter  of  mystery  and  importance  of  the  compo- 
sition of  their  hardening  fluid.  Three  kinds  will  probably  comprehend  them 
all;  viz.  whale  oil,  tallow,  and  common  yellow  resin,  in  different  proportions ; 
or  whale  oil  and  tallow ;  or  whale  oil  simply,  without  addition.  The  harden- 
ing-shop  must  have  at  least  two  troughs  to  contain  the  fluid ;  one  of  them 
long  enough  to  dip  the  longest  saws,  and  the  other  round  and  large  enough 
to  dip  the  largest  circular  saws.  The  same  care  is  required,  as  in  the  other 
cases,  not  to  oyerheat  the  steel;  and  also  that  in  taking  the  plates  out  of  the 
furnace  to  dip  them,  they  are  not  bent  with  the  tongs  when  being  removed 
from  thefbmace. 

Taking  a  sheet  of  rolled  steel,  of  the  requisite  size  and  thickness  for  the 
required  kind  of  saw,  it  is  cut  into  the  proper  shape  by  the  shears  as 
described  above ;  its  edges  are  prepared  by  filing  and  gzindiog,  for  cutting 
the  teeth.  These  are  formed  by  a  die-cutter,  worked  by  a  fly-press,  tlie  sheet 
of  steel  being  moved  uniformly  forward,  after  each  descent  of  the  die,  so  as 
to  secure  regularity  in  the  distance  of  the  teeth.  The  rough  edges  left  by  the 
die  are  removed  by  filing ;  and  the  saw  is  then  fitted  to  undergo  the  pro- 
cesses of  hardening  and  tempering.    The  hardening  is  accomplished  by 
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heating  the  saw-plate  to  a  oherry-red,  and  plunging  it  into  a  mixtoze  of  resin» 
pitch,  and  oily  fluids,  until  it  is  cold  enough  to  handle.  It  is  now  extremely 
hard  and  brittle,  and  is  tempered  by  being  passed  over  a  dear  eharcoal  fire, 
until  the  unctuous  matter  adhering  to  it  is  burnt  off,  or,  as  it  is  technically 
called,  bliued.  The  saw  is  now  flattened  while  still  warm,  and  any  warping 
it  may  hare  received  in  the  above  process  removed  by  hsmmering ;  it  is  then 
removed  to  the  grinder's  wheeL  The  grindstones  vary  in  diameter  acoordiBg 
to  the  size  of  the  saws  they  are  required  to  grind ;  to  prevent  the  saw  firom 
bending,  it  is  ikstened  with  one  Cause  in  contact  with  a  flat  board,  while  the 
other  is  applied  by  the  grinder  to  the  circumference  of  the  revolving  stone. 
The  grindstone  is  made  to  revolve  with  the  greatest  rapidity,  and  the  grinder 
presses  the  board  and  saw  against  the  stone  with  the  whole  weight  of  his 
body,  moving  it  irom  right  to  left  with  both  hands,  so  as  to  secure  an  even 
surfiuse.  A  second  hammering  now  removes  any  warping  the  saw  may  have 
received  in  grinding ;  and  an  application  of  it  to  the  heat  of  a  coke  fire  and 
flange,  until  it  assumes  a  ftint  straw-colour,  restores  its  temper  and*  elasticity. 
The  marks  of  the  hammer  being  removed  by  a  light  application  of  the  saw  to 
the  grindstone,  the  final  polish  is  given  by  a  hard  stone,  a  glazing-wheel 
covered  with  buff  leather  and  emery,  or  a  wooden  wheel  called  the  Ju^d-kead. 

The  saw  is  now  cleaned  off,  by  being  rubbed,  lengthwise,  with  fine  emery 
applied  by  a  piece  of  cork-wood ;  the  next  prooees  is  called  ietUng,  which 
consists  in  bending  each  tooth  in  order,  one  on  one  side  and  the  alternate 
one  on  the  other  of  the  plane  of  the  saw.  Perhaps  the  whole  range  of  the 
arts  does  not  afford  a  more  marvellous  exhibition  of  manual  dexterity,  than 
the  manner  in  which  a  skOfnl  setter  accomplishes  this  operation.  He  fixes 
the  saw  in  a  vice,  takes  a  small  hammer,  gives  two  or  three  taps,  and  then, 
with  a  rapid  succesion  of  blows  wnich  the  eye  can  scarcely  follow,  he  bends 
each  alternate  tooth,  without  missing  one  or  striking  two  in  succession. 
Marvellous  as  this  is,  it  is  far  exceeded  by  his  next  feat— he  now  reverses 
the  position  of  the  saw,  and  by  the  same  rapid  motion  of  the  hammer,  strikes 
the  alternate  teeth  omitted  before :  a  ftdlure  of  eye  and  hand  here  would 
inevitably  spoil  the  saw,  for  one  tap  on  a  wrong  tooth  would  break  it  off 
and  consign  it  to  the  wa$te  basket. 

After  being  set,  the  saws  axe  placed  in  a  vice  between  two  lead  plates,  and 
the  teeth  sharpened  by  a  triangular  file ;  the  handles  are  fixed  on  by  nuts 
and  screws ;  and  the  saws  being  cleaned  and  oiled,  are  placed  in  brown 
paper,  and  are  then  ready  to  pass  out  of  the  manufactdrer's  hand. 

Perhaps  it  may  be  as  well  here  to  remark,  that  the  best  way  of  keeping 
any  article  of  outieiy  which  is  not  in  use,  firee  firom  rust,  is  to  dry  it 
thoroughly  and  wrap  it  up  in  brown  paper. 

A  method  of  heating  steel  goods  for  hardening,  which  possesses  some  im- 
portant advantages  over  those  in  common  use,  has  been  occasionally  practised 
by  a  few  persons  who  were  in  advance  of  their  neighbours  many  years  ago ; 
but  it  is  not  so  generally  known  or  adopted  in  Sheffield  as  it  deserves  to  be ; 
and  in  recommending  itsmore  general  use,  it  should  be  understood  that  nothing 
is  said  here  of  a  doubtful  or  merely  speculative  kind,  but  that  only  which  hfui 
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been  snccessfiilly  practised  recommended.  Mr.  Nicholson,  the  mathematical 
instrument  maker,  when  engaged  upon  some  delicate  steel  work  about  fifty 
years  ago,  said  he  found  the  greatest  impediment  to  his  success  to  arise  from 
the  difficulty  of  heating  the  steel  equally ;  after  several  unsuccessful  attempts 
he  succeeded  in  finding  a  remedy  by  using  a  bath  of  lead.  Mr.  Stodart, 
cutler  and  surgeon's  instrument  maker,  more  than  forty  years  ago,  tells  us  that 
he  had  lately  tried  this  method,  and  found  it  to  be  a  great  acquisition  to  the 
art.  To  this  old  testimony  in  its  favour,  modem  experience  may  be  added ; 
not  only  when  applied  to  the  heating  of  things  an  oxmce  or  two  in  weight, 
but  it  can  now  be  said  that  it  answers  equally  well  for  articles  up  to  twenty 
pounds,  BO  that  it  is  applicable  to  the  heating  of  most  kinds  of  steel  goods. 
The  form  and  size  of  the  bath  wiU  of  course  vary  with  the  form  and  size  of 
the  articles  to  be  heated  in  it,  but  should  in  all  cases  be  considerably  larger 
than  the  size  which  a  single  article  of  the  kind  would  require,  in  order  that 
the  bath  may  be  kept  at  a  more  equable  temperature  than  it  could  be  if  it 
were  much  affected  in  that  respect  by  plunging  one  or  even  several  of  the  cold 
articles  into  it.  For  this  reason,  if  the  bath  be  intended  to  heat  articles  of 
several  pounds  in  weight,  it  should  be  capable  of  holding  not  less  than  five 
hundredweight  of  lead.  It  should  be  of  cast-iron  three-fourths  of  an  inch  or 
fin  inch  in  thickness,  with  a  broad  flange  to  rest  upon,  and  so  set  in  the  brick- 
work that  the  fuel  can  act  upon  it  on  all  sides,  and  heat  the  vessel  and  its 
contents  red  hot.  The  room  in  which  it  is  placed  should  be  well  ventilated, 
and  it  is  well  to  fix  it  under  a  flue  with  a  wide  opening  at  its  lower  end,  like 
to  the  chinmey  of  a  smith's  hearth,  in  order  to  carry  off  any  fumes  arising 
from  the  bath. 

At  a  red-heat  the  surface  of  lead  oxidizes,  but  not  very  rapidly ;  and  if 
the  following  precautions  be  taken  to  prevent  it,  the  loss  from  this  cause  will 
be  very  small : — ^Have  a  piece  of  iron  to  cover  part  of  the  lead,  leaving  only 
so  much  uncovered  as  may  be  necessary  for  conveniently  dipping  the  steel 
and  stirring  the  lead.  Iron  laid  loosely  and  floating  upon  the  surface  of  the 
melted  lead  is  better  than  a  fixed  shelf,  because,  rising  and  Mling  with  the 
quantity  of  lead,  it  always  adjusts  itself  to  it.  The  other  part  of  the  lead-bath 
should  be  covered  with  waste  charcoal.  The  waste  charcoal-dust  thrown  out 
as  useless  at  converting-fiimaces  answers  very  well. 

Some  of  the  advantages  of  this  method  of  heating  are  so  evident,  that  it  is 
almost  unnecessary  to  enumerate  them;  but  every  person  accustomed  to 
heating  in  a  hearthfire  knows  how  difficult,  or  rather  how  impossible,  it  is  to 
beat  any  instrument  with  thick  and  thin  parts  equally  throughout,  so  that 
the  thin  parts  shall  never  become  too  hot  during  the  heating  of  the  thick 
part,  in  a  fire  which  is  much  hotter  than  the  steel  is  required  to  be  heated  to. 
Now  the  lead-bath  being  heated  only  to  the  proper  temperature  for  hardening 
steel,  nothing  immersed  in  it  can,  however  thin,  be  overheated  in  any  part. 
It  is  peculiarly  well  adapted  for  razors,  surgeons'  instruments,  and  cutting 
instruments  generally.  Files,  to  be  heated  this  way,  are  prepared  in  the  ordi- 
nary manner :  the  lead  leaves  the  file  and  does  not  adhere  to  the  teeth,  as 
nu|^t  be  apprehended.    Articles  are  heated  more  quickly,  as  well  as  more 
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equally,  than  in  hearth  fires ;  and  the  saving  of  time  amply  compensates  tiie 
expense  of  the  first  outlay  and  extra  cost  in  fire  and  lead,  in  all  cases  where 
hardening  is  the  daily  occupation  of  one  or  more  persons. 

Cutlery  Ooods. — In  the  preceding  pages,  the  steel  manofactore  of 
Sheffield  has  been  traced  through  many  interesting  stages,  by  a  pen  inti- 
mately acquainted  with  the  subject ;  and  we  feel  assured,  although  the  papers 
are  anonymous,  every  one  interested  in  the  subject  will  see  that  an  able  and 
practical  hand  has  guided  the  pen,  in  communicating  a  mass  of  real  know- 
ledge, such  as  is  rarely  laid  before  the  public.  In  the  few  following  pages  we 
cannot  claim  the  same  originality,  being  indebted  for  them  chiefly  to  Mr. 
Wilson's  excellent  paper  "  On  the  Manufacture  of  Articles  from  Steel,"  read  to 
tiie  Society  of  Arts  in  April,  1856,  and  reported  in  the  Journal  of  the  Society. 

Mr.  Wilson  tells  us  that  the  steel,  as  prepared  for  cutlery  purposes,  is 
tilted  or  rolled  to  different  sizes,  suited  to  the  articles  intended  to  be  pro- 
duced. To  ensure  the  necessary  degree  of  hardness,  the  steel  should  be 
compact  and  dense ;  it  is  not  considered  desirable  to  use  new  steeL  The 
reason  is  not  very  evident ;  but  it  is  known,  from  experience,  that  steel  works 
*more  kindly'  after  being  kept  some  time.  It  is  only  the  makers  of  first- 
class  cutlery  who  attend  to  this,  because,  to  keep  a  huge  quantity  of  steel  in 
stock  seems  like  too  much  idle  capital,  though  it  is  necessary  in  order  to 
obtain  tlie  best  results.  Instead  of  keeping  it  in  this  manner,  it  is  common  to 
use  inferior  steel,  which  is  softer  and  easier  to  work,  thus  economizing  labour 
and  favouring  cheapness  of  production.  Another  reason  for  the  employment  of 
softer  steel  is,  that  it  is  less  liable  to  waste  from  cracks  or  fracture,  as  will  be 
afterwards  explained.  The  forging  of  articles  from  steel  is  much  the  same 
in  all  cases,  except  that  smaller  articles  are  forged  single-handed,  and  the 
larger  ones  by  double-handed  forges.  Thus  penknife  blades,  small  scissors, 
&c,  are  fozged  by  one  man ;  table  blades,  razors,  edge  tools,  &c.,  by  two  men — 
a  maker  and  a  striker.  The  maker  attends  more  especially  to  the  form,  while 
the  striker,  using  a  heavier  hammer,  *  draws  out '  the  blade  from  the  rod  of 
steeL  It  requires  several '  heate '  to  complete  the  forging  of  a  blade.  Small 
articles  of  cutlery  are  mostly  made  entirely  of  steel;  but  the  shanks  and 
bows  of  scissors  of  large  size,  and  the  bolsters  and  tangs  of  table  cutiery,  are 
made  of  iron,  for  the  double  purpose  of  economizing  steel,  and  facilitating 
the  labours  of  those  who  work  after  the  forgers.  The  two  metals  are  welded 
together  in  a  very  simple  manner.  The  burning  point  of  steel  is  much  lower 
than  that  of  iron,  and  the  quality  of  the  steel  would  be  destroyed  by  heating 
to  incandescence ;  but  iron  may  be  heated  to  near  the  melting  point  without 
injury.  When  both  are  heated  to  the  required  degree,  they  are  slightly 
dipped  in  a  flux,  consisting  of  borax  or  siliceous  sand,  and  then  hammered 
together.  The  junction  is  nearly  always  visible  upon  the  reverse  of  table- 
knives  ;  the  iron,  not  being  capable  of  so  high  a  finish  as  the  steel,  appears  of 
a  lighter  colour.  There  is  one  advantage  in  this  appearance — ^it  is  a  sure 
indication  that  the  articles  have  been  forged,  and  not  cast.  It  gives,  how- 
ever, no  proof  of  the  quality  of  the  steeL  When  the  forging  is  completed, 
the  maker's  name,  as  well  as  any  other  distinguishing  mark  that  may  be 


Digiti 


ized  by  Google 


QBINDINO  CUTLERT  GOODS.  881 

desired,  is  struck  upon  the  blade,  which  is  then  hardened  by  heating 
to  a  redheat,  and  immersing  it  in  water.  If  the  steel  be  good,  it  be- 
comes excessiyelj  hard  and  brittle ;  but  its  temper  and  elasticity  are  given 
by  again  submitting  it  to  a  moderate  degree  of  heat,  which  a  skilful  work- 
man can  regulate  by  watching  the  changing  colour  of  the  steeL  This  will 
show  the  reasons  for  making  the  bolsters  of  table  cutlery  of  iron.  The 
latter  metal  is  not  hardened  by  the  above  process ;  so  that  the  bolsters  of 
table-knives,  and  bows  and  shanks  of  scissors,  can  be  filed  and  burnished,  or 
*  dressed,'  by  any  other  process,  while  the  blades  are  so  hard  as  to  resist  the 
operation  of  a  file.  The  process  of  hardening  is  so  important,  that  it  wiU 
not,  perhaps,  be  deemed  tedious  if  I  ofier  a  few  remarks  upon  it,  especially 
as  it  will  show  the  importance  of  a  good  feeling  between  employer  and  em- . 
ployed.  It  has  already  been  stated  that  soft  steel  is  less  liable  to  waste  from 
cracks  or  fracture.  The  process  of  hardening  is  so  delicate,  that  a  slight 
difference  of  heat  in  excess,  either  in  the  fire  or  water,  destroys  the  quality 
of  the  steel,  or  cracks  the  blades.  Gold  is  equally,  if  not  more  destructive ; 
and  blades  ftre  said  to  be  '  burnt,*  '  scalded,'  or  '  water- cracked,'  as  the  case 
may  be.  In  forging,  too,  if  the  steel  be  heated  too  much,  its  close  texture  is 
destroyed,  and  it  has  more  the  appearance  of  the  coarse  crystallization  of 
iron. 

The  next  process  is  '  grinding.'  The  stones  of  some  parts  of  South 
Yorkshire  are  particularly  adapted  for  this  purpose ;  they  are  found  at  the 
quarries,  of  a  round  shape,  like  a  cheese,  and  of  various  sizes.  Stones  for 
grinding  table-knives  are  about  four  feet  in  diameter  and  ten  inches  in 
thickness.  To  prepare  them  for  running,  a  hole  is  made  through  the  centre, 
in  which  is  inserted  the  axle.  Formerly  the  stones  were  fixed  upon  their 
axles  by  means  of  wooden  wedges ;  but  as  wood  is  apt  to  swell  with  water, 
the  wedges  not  unfrequently  caused  the  stones  to  split,  and  fatal  results  were 
common.  Now  they  are  generally  held  at  the  sides  by  a  pair  of  strong  iron 
plates,  like  quoits,  screwed  tightly  to  the  stones,  which,  even  thus  fastened, 
not  unfrequently  break.  On  the  whole,  however,  they  are  for  more  secure, 
and  tlie  accidents  resulting  from  breakages  are  less  serious  in  their  character. 
"When  it  is  stated  that  these  stones  make  from  one  hundred  to  two  hundred 
revolutions  per  minute,  it  will  be  understood  that  the  heat  generated  by 
friction  between  the  stones  and  Hie  blade,  under  a  pressure  of  several 
pounds,  win  be  very  great ;  indeed,  it  is  such  Uiat  a  piece  of  iron  or  steel 
would  become  red-hot  in  a  few  seconds.  This,  of  course,  would  destroy  the 
temper  of  the  blade,  and  render  it  unfit  for  use :  to  obviate  this,  the  stones 
revolve  in  a  trough  of  water,  thus  keeping  the  blade  cool  while  grinding  it 
to  the  required  sharpness.  The  next  process  as  regards  table-knives  is  to 
glaze  the  blades ;  this  is  done  on  a  large  tool  called  a '  glazier ;'  it  is  from 
three  to  four  feet  diameter,  and  about  two  inches  broad.  It  is  formed  in 
sections  of  dried  wood  to  prevent  cracking;  and  on  this  surface,  or  covered 
with  leather, '  dressed '  with  emeiy  prepared  with  beeswax,  the  blades  are 
glazed  several  times,  untQ  of  the  required  fineness.  Spring-knives  are 
ground  upon  stones  from  thirty  down  to  nine  inches  in  diameter,  and 
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vazying  from  two  and  a  half  to  five  inches  in  thickness.  The  blades  axe 
first  roughly  ground,  to  reduce  them  from  pieces  or  lumps  of  steel  to  cutting 
instruments ;  and  to  enable  the  '  cutler/  or '  setter-in/  to  fit  them  to  the  hafts. 
It  often  happens,  however,  that  the  edges  of  the  blades  are  injured  before 
the  knife  is  completeted,  so  that  the  edge  has  to  be  restored,  and  the 
requisite  polish  given  to  the  blade.  This  is  called  finishing,  but  is  the  work 
of  the  grinders.  This  process  was  formerly  done  upon  dry  stones,  and  was 
considered  highly  detrimental  to  the  health  of  the  workmen,  and  many 
attempts  made  to  remedy  the  evil.  The  most  successful  plan  yet  introduced 
is  a  revolving  fern,  which  is  connected  with  a  pipe  extending  from  the  front 
of  the  stone  to  the  exterior  of  the  building.  The  action  of  the  fan  effects 
a  partial  exhaustion  of  the  air  in  the  pipe,  and  the  atmosphere  rushing  to 
supply  the  partial  vacuum,  carries  with  it  the  particles  of  grit  and  steel 
evolved  from  the  surface  of  the  stone.  But  for  the  strength  of  this  current 
these  particles  would  be  inhaled  by  the  workmen,  and  that  distressing 
complaint  known  as  the  "  grinders'  asthma "  produced.  The  dry  stone  is 
rarely  used  in  the  knife  trade,  as  it  is  proved  by  experience  tiliat  the  work 
formerly  done  on  the  dry  stone  can  be  done  as  weU  on  a  wet  one,  with  this 
advantage,  that  in  the  use  of  dry  stones,  blades  were  frequently  softened  by 
friction ;  whereas,  by  the  use  of  a  wet  stone,  such  occurrences  are  rare, 
though  not  impossible.    The  dry  stone  is  as  yet,  however,  indispensable. 

When  a  blade  is  reduced  to  a  proper  strength  and  elasticity  on  the  edge, 
which  should  be  done  on  a  small  stone,  to  insure  the  concavity  of  its  sides, 
the  next  process  is  to  give  it  smoothness  and  more  complete  regularity  than 
can  be  effected  on  a  stone ;  this  is  done  on  a  tool  technically  called  a  '  lap.' 
It  is  a  wheel,  formed,  as  before  stated,  in  sections  of  wood,  covered  with  a 
surface  of  lead ;  this,  also,  is  dressed  with  emery  and  beeswax,  and  greater 
fineness  is  given  to  the  steel  by  the  use  of  vitreous  or  siliceous  stones. 
For  all  purposes  of  utility,  the  blade  is  now  sufficientiy  complete;  but 
where  a  high  finish  is  desired,  it  is  polished  by  fiiction  with  *  crocus,'  or 
oxide  of  iron,  upon  a  wheel  covered  with  leather.  This  operation  is  mostly 
performed  by  boys,  who  begin  to  learn  their  trade  by  finishing  the  articles 
upon  which  they  are  employed.  The  blade  now  oidy  requires  to  be  '  set,* 
or  whetted,  and  it  is  ready  for  use.  Some  of  the  more  common  kinds  of 
cuUery  are  done  on  a  wooden  glazer.  The  appearance  of  this  work  is  rather 
coarse,  but  good  useful  blades  may  be  got  up  in  this  manner. 

The  operations  in  grinding  scissors  bear  so  close  a  resemblance  to  the 
above,  that  to  describe  them  would  be  a  needless  repetition.  There  are, 
however,  some  points  of  difference  in  razor-grinding  that  it  may  be  worth 
while  to  mention.  In  manufacturing  the  better  class  of  razors,  it  is  usual  to 
'  sliape '  them  before  they  are  hardened ;  and  this  operation  is  performed 
upon  a  dry  stone.  The  reason  for  this  is,  that  a  stone  revolving  in  water  is 
much  softer  than  when  dry ;  and  as  the  process  of  '  shaping '  is  much  like 
scraping  the  stone  away,  it  will  be  evident  that  the  use  of  the  dry  stone  is 
more  economical ;  and  as  razors  are  done  on  very  small  stones,  there  would 
be  considerable  loss  of  time  in  preparing  new  ones  if  thev  were  worn  down 
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with  needless  rapidity.  The  steel  also  being  soft,  the  operation  is  more 
rapidly  performed,  and  no  injury  is  done  to  the  blade  by  Mctional  heat.  When 
haxdened,  the  blades  are  gxonnd  upon  small  stones.  The  oonoayity  of  the 
Bides  of  some  razors  may  be  judged  from  the  feust  of  the  stones  being  worn 
down  to  three  inches  diameter.  Some  razors  are  made  still  more  concave  by 
being  ground  on  a  stone  with  a  round  surface ;  but  this  is  a  more  difficult 
and  costly  process,  without  being  attended  with  corresponding  advantagea 
Good  razors  may  be  ground  on  tools  of  sax  or  seven  inches  diameter.  This  will 
give  the  necessary  elasticity  on  the  edge,  and  increased  concavity  cannot 
lessen  the  cutting  angle  of  tilie  edge,  on  account  of  the  thickness  of  the  back. 
The  finishing  process  is  much  the  same  as  in  penknives. 

The  labour  and  consequent  finish  bestowed  upon  the  finest  cutlery  ia 
considerable;  but  no  amount  of  finish  will  be  satisfactory  without  good 
material  as  the  base  of  the  steel ;  to  which  frequent  hammering,  which  in- 
ferior steel  would  not  endure,  gives  great  density  and  cohesion.  •  But  the 
commonest  goods  are  produced '  at  a  heat,'  viz.  they  are  '  cast '  or  *  run/ 
'  Cast^teel,'  however,  which  bears  the  palm  for  cutlery,  must  not  be  con- 
founded  with  articles  'cast'  from  steel.  The  former  is,  as  we  have  seen, 
highly  refined  and  cast  into  ingots,  then  tilted  and  rolled  as  before  stated. 
But  the  steel  from  which  articles  are  '  cast' — a  process  of  which  we  have 
not  hitherto  made  mentionr— is  very  inferior;  in  fiekct,  but  one  remove  from 
iron.  This  is  melted,  and  blades  '  cast '  from  it  in  moulds  by  dozens,  just  as 
any  small  ornaments  or  metal-work  are  cast  in  quantitiee.  It  is  called  '  run- 
steel;'  but  its  inferiority  is  at  once  evident  when  tested  by  elasticity  or  by 
fi»cture.  This  method  saves  the  cost  of  forging,  and,  as  may  be  supposed, 
is  subjected  to  very  little  hammering. 

It  is  probable  that  the  system  of  making  things  of  'run  steel'  com- 
menced with  scissors,  and  it  would  have  been  well  if  the  manufacture 'had 
been  kept  to  its  original  intention.  A  cheap  instrument  was  wanted  in  the 
wine  countries  to  cut  ofi'  the  bunches  of  grapes.  The  acid  of  the  fruit  spoilt 
scissors  of  the  best  steel  as  soon  as  the  commonest ;  the  idea  occurred,  there- 
fore, of  making  an  exceedingly  common  article  for  this  purpose,  and '  run'  steel 
offered  the  means  of  doing  this.  And  as  the  smallest  possible  amount  of 
grinding  that  would  give  an  edge  was  sufficient  for  the  purpose  intended, 
scissors  were  produced  at  prices  fabulously  low.  This  was  a  legitimate  use 
of  the  cheapening  process.  But,  alas  t  for  honesty,  the  idea  grew.  The 
temptation  to  produce  such  goods  in  imitation  of  better,  for  household  and 
business  purposes,  was  too  great;  and  a  great  trade  in  rubbish  has  sprung  up 
— scissors  may  now  be  purchased  in  any  quantity  at  from  two  fihillinfiR  and 
sixpence  to  three  shillings  |7^r  gross. 

It  is  not  to  be  supposed,  however,  that  a  metal  even  so  good  as  '  run' 
steel  is  used  for  these  productions.  No !  the  material  is  baser  still — ^mere 
pig-iron.  Run  steel  is  used  for  those  articles  that  are  made  in  imitation  of 
first-class  goods.  When  first  '  run,'  or  '  cast,'  it  is  exceedingly  brittle,  and 
requires  annealing  before  it  is  '  made  up.'  There  is  necessarily  great  simi- 
larity in  the  casting  of  every  variety  of  common  cutlery.    Table-blades  and 
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forks  are  cast  in  large  quantities.  S<Mne  years  ago  the  attempt  was  made  to 
cast  razor-blades  in  '  run*  steel,  but  the  Razor  Grinders  Union,  much  to  their 
credit,  passed  a  resolution  that  they  would  not  grind  snch  rubbish. 

Penknife-blades  are  too  small  to  be  made  in  this  manner.  They  are 
produced  rapidly  by  means  of  a  fly.  The  steel  is  rolled  into  sheets  of  the 
thickness  required,  cut  into  breadths  equal  to  the  length  of  the  blade  intended 
to  be  made.  The  steel  is  then  inserted  in  a  '  bed*  of  the  proper  shape,  and  a 
stroke  of  the  fly  sends  a  corresponding  punch  through  the  steel,  carrying 
with  it  a  piece  of  rolled  steel  which  is  to  act  as  a  blade.  It  will  easily  be 
understood  that  a  blade  produced  in  this  way  is  very  inferior  to  one  forged 
from  a  piece  of  superior  steeL  It  has  neither  the  compactness  nor  density 
which  characterise  the  best  class  of  cutlery.  Blades  made  by  the  fly-press 
sometimes  go  through  the  process  of  hardening;  but  the  class  of  goods  thus 
manufactured  is  abnost  invariably  of  a  cheap  and  useless  kind.  In  grinding, 
no  regard  is  paid  to  the  edge  of  the  article — it  is  not  paid  for;  and  if  the 
Bur£Bu;e  of  the  blade  be  polished,  it  is  all  that  is  required.  It  has  the  appear- 
ance of  a  knife,  and  may  be  sold  as  one,  although  it  does  not  possess  the 
property  which  should  constitute  its  recommendation  and  its  utility. 

The  discussion  which  followed  Mr.  Wilson's  paper,  was  n6t  uninstmo- 
tive.  Mr.  Moulston,  late  master-cutier  in  Sheffield,  said  that  the  French 
cutlers  excel  ours  in  their  designs  for  ornamental  work,  or  what  he  terms 
**  putting  together,'*  in  the  best  class  of  manufactured  goods ;  but  he  considers 
them  deficient  in  grinding.  The  Prussians  he  found  improving  very  £ist, 
both  in  tools  and  cutiery ;  and  he  arrives  at  the  conclusion,  from  these  cir- 
cumstances, that  Sheffield,  instead  of  improving  and  holding  its  position  as 
other  com  tri  es  have  done,  has  been  on  the  decline.  Mr.  Moulston  goes  on  to 
ask  some  very  cogent  questions  as  to  the  cause  of  this  stationary,  if  not  re- 
trogressing, state;  amongst  others — ^why  our  trade  with  the  United  States  in 
exes,  long  saws,  augers,  has  nearly  vanished  ?  He  might  a]so  have  asked, 
how  it  is  that  our  own  steel  comes  back  to  us  made  into  axes  and  augers, 
which  are  eagoriy  sought  after  by  our  own  woodsmen  ? 

Mr.  Charles  Sanderson  does  not  deny  the  dose  approach  made  by  tiie 
foreigner  on  one  of  our  great  staple  manufactures.  "Manual  labour  is 
cheaper  on  the  Continent  than  with  us,"  he  says ;  "  but  their  steel  is  not  so 
good ;  it  is  not  so  well  manufactured,  nor  are  the  articles  put  together  with 
the  skill  and  neatness  which  distinguish  our  own." 

Mr.  Mechi  considered  this  manufacture  largely  affeeted  our  national  and 
personal  safety.  Watch-springswere  our  mainsprings  of  punetualify.  Needles 
made  from  steel-drawn  wire  were  the  instruments  to  clothe  us.  Our  nutri- 
tion was  dependent  on  the  reaping-hocdc  and  scythe.  It  struck  him,  how- 
ever, that  Sheffield  was  pre-eminent  in  edged  tools  at  the  Paris  Exhibition. 
Russia  might  be  said  to  stand  second  in  regard  to  quality  and  price.  On  the 
question  of  national  safety,  Mr.  Mechi  stated  that  the  best  steel  at  jSSO  per  ton 
was  used  for  sword-blades,  and  he  only  wished  that  the  same  article  had  been 
used  for  trenching-tools,  which  were  still  more  necessary  to  the  success  of 
our  armies 


Digiti 


ized  by  Google 


IRON  FOVaSS  OF  ANTIQUTTT.  885 

CHAPTER  XIX. 

OH  THE  AFFLIOATION  OF  OAST-IBON  TO  THE   MANUFAOTUBB  OF  OBDNANOE. 

Zntzoductoxy. — Iron,  in  an  imperfectly  malleable  state,  appears  to  have 
been  known  &om  p,  remote  antiquity ;  it  is  mentioned  in  Genesis,  and  there 
is  reason  to  belive  that  at  an  early  period  it  was  manufactured  in  forges 
by  the  Persians,  Hindoos,  and  Chinese.  Its  obvious  utility,  and  great  supe- 
riority over  the  softer  metals  then  in  use,  caused  it  to  be  highly  prized, 
though  the  extreme  difficulty  of  working  it,  and  the  rude  methods  then  em- 
ployed for  its  reduction,  greatly  restricted  its  application.  Cast-iron  was 
altogether  unknown  to  the  ancients,  an  imperfectly  malleable  iron  being  pro- 
duced direct  from  the  ores.  The  rude  furnaces  then  employed  would  reduce 
only  the  richest  ores,  and  even  these  in  small  quantities  and  very  imperfectly ; 
but  as  the  means  of  reduction  have  continued  to  improve,  the  demand  for 
iron  has  steadily  increased,  till,  in  most  of  the  ordinary  arts  of  life;  it  has 
superseded  eveiy  other  metal.  It  is  probable  that  in  our  own  island  the 
manufacture  was  established  antecedently  to  the  Homan  invasion ;  but  of  its 
extent  we  have  little  knowledge.  The  Romans  carried  on  a  large  manufac- 
ture, and  probably  sent  considerable  quantities  through  Gaul  to  Italy.  In 
the  forest  of  Dean,  there  are  large  heaps  of  scorise,  the  refuse  of  the  iron  works 
of  the  Romans,  as  is  evident  £rom  the  antiquities  found  with  them ;  many  of 
these  heaps,  however,  have  been  re-smelted  in  comparatively  modem  times. 

At  the  present  time  the  manufacture  is  conducted  on  an  immense  scale, 
the  annual  production  in  Great  Britain  being  8,070,000  tons,  about  equal  to 
that  of  all  the  rest  of  the  world  put  together. 

In  a  previous  portion  of  this  work,  the  process  recently  announced  by 
Mr.  Bessemer  has  been  discussed  at  some  length ;  and  an  analysis,  along 
with  some  comments  thereon,  quoted  from  the  "  Birmingham  Journal,"  the 
writer  of  which  concludes  in  these  words : — "  The  amount  of  iron  oxidized 
by  the  vivid  combustion  which  Mr.  Bessemer's  process  induces,  we  are  un- 
able to  ascertain.  The  point  which  most  prominently  strikes  the  chemist  in 
Mr.  Bessemer's  iron  is  the  large  amount  of  phosphorus  which  it  contains — 
an  amount  utterly  fatal,  we  fear,  to  the  value  of  Mr.  Bessemer*s  method.'* 

If  this  be  the  fact,  and  entertaining  the  same  views  as  the  author  of  these 
Btrictures  does  with  regard  to  the  presence  of  phosphorus  in  refined  iron, 
we  should  have  great  doubts  of  its  ultimate  success.  It  is  well  known  that 
the  puddling  process  has  the  effect  of  removing  the  phosphorus  and  sulphur ; 
and  as  these  two  elements  are  highly  injurious  to  the  quality  of  the  iron,  we 
must  pause  before  coming  to  a  conclusion  as  to  how  far  Mr.  Bessemer  s 
process  is  likely  to  extend  the  manufacture,  or  to  increase  the  application  of 
wrought-iron.  On  the  other  hand,  we,  in  common  with  every  weU-wisher  to 
the  advancement  of  practical  science,  should  most  sincerely  rejoice  at  the 
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appioacli  of  auy  real  improvement  in  the  manufacture  of  ii-on;  and  if 
Mr.  Bessemer's  process  can  be  realized,  we  shall  hail  it  as  the  harbinger  of 
a  new  era  in  the  application  of  this  most  important  and  most  useful  materi&L 

We  have  given  the  foregoing  statements  under  the  impression  that  in 
case  Mr.  Bessemer's  process  was  considered  successful,  we  sliould  then  have 
occasion  to  enter  into  the  subject  of  the  changes  which  it  would  introduce  in 
the  application  of  iron  to  every  useful  purpose  of  construction.  But  under 
existing  circumstances,  where  so  many  doubts  are  entertained  of  its  ultimate 
results,  we  feel  it  advisable  to  proceed  to  the  investigation  of  iron  applianees 
as  now  existing,  with  such  material  as  the  present  state  of  the  mauuTacture 
commands. 

In  the  following  treatise  we  shall  have  to  treat — first,  of  the  application 
of  crude  or  cast-iron ;  and  subsequently  of  the  application  of  malleable  or 
wrought-iron,  and  of  their  relative  advantages  in  connection  with  the  con- 
structive and  the  useful  arts. 

Cast-Zzon  Ordnance. — Under  the  term  Ordnance  are  included  all  those 
offensive  weapons  which  we  call  cannon,  mortars,  or  artillery;  they  are 
usually  constructed  of  a  composition  of  brass  or  of  cast-iron,  wrought-iron 
having  been  sometimes  employed,  but  up  to  the  present  time  with  no  imme> 
diate  prospect  of  coming  into  general  use. 

It  is  a  mere  conjecture  at  what  period  these  weapons  were  first  invented. 
Philostratus  speaks  of  the  inhabitants  of  some  city  in  the  Indies  throwing 
thunder  and  lightning  upon  their  enemies ;  and  some  writers  contend  that 
tliey  were  known  as  early  as  the  time  of  Alexander  the  Great ;  but  aU  such 
early  accounts  are  exceedingly  vague  and  unsatisfactory;  and  although 
it  is  asserted  by  travellers  that  guns  were  used  in  China  as  far  back  as  the 
beginning  of  the  Christian  era,  we  are  satisfied,  if  we  are  to  judge  from  the 
state  of  tlieir  ordnance  during  tlie  war  of  1848,  that  little  progress  could  have 
been  made  in  their  artillery  practice  previous  to  that  time. 

Tlie  first  explicit  mention  of  guns  and  gunpowder  occurs  in  the  works  of 
Roger  Bacon,  who  wrote  in  the  tliirteenth  centuiy;  but  they  were  never 
practically  employed  until  the  time  of  Schwartz,  a  German  monk,  ia  1320, 
for  whom  is  claimed  the  invention  of  tlie  arm  called  the  mortar.  A  story  is 
related  that  some  ingredients,  which  he  had  been  pounding  in  a  mortar,  were 
accidentally  set  fire  to,  and  exploded  with  a  loud  report,  carrying  the  stone 
which  covered  it  to  a  considerable  distance.  This  circumstance  is  more 
than  probable ;  and  hence  follows  the  origin  and  retention  of  the  term 
mortar. 

Shortly  after  the  discovery  of  Schwartz,  guns  began  to  be  employed  in 
warfare ;  and  as  casting  in  iron  was  then  unknown,  they  were  made  of  strong 
iron  bars  like  the  staves  of  a  cask,  strengthened  by  hoops  to  prevent  their 
separating  during  the  discharge.  Some  of  these  primitive  guns  are  still  to 
be  seen  at  Woolwich  and  Edinburgh  Castle.  Others,  again,  were  made  of 
hammered  sheets  of  iron,  rolled  up  and  hooped  to  the  form  of  the  gun ;  but 
all  these  constructions  were  so  imperfect,  that  their  employment  in  warfare 
was  very  limited,  and  they  proved  almost  as  dangerous  to  their  x)ossessors  as 
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to  the  enemy.    James  the  Second  of  Scotland  was  killed  by  the  bimting  of 
one  of  bis  own  cannon,  at  the  siege  of  Boxbnrgh  Castle,  in  1460. 

At  this  early  period,  not  only  was  the  material  of  the  guns  defectiTe  and 
the  construction  imperfect,  from  want  of  skill  in  the  manufacture,  but  it  is 
probable  that  the  gunpowder  also  was  deficient  in  strength,  and  was  used  in 
small  quantities.  Hence  it  was  that  so  long  a  time  elapsed  before  they  were 
brought  into  general  employment.  In  1846,  during  the  reign  of  Edward  tlie 
Third,  they  were  made  use  of  at  the  battle  of  Cressy,  and  in  1847  at  the 
siege  of  Calais.  From  that  time  we  hear  of  no  improvements  in  their  con- 
struction till  1894,  when  they  were  employed  at  the  siege  of  Constantinople 
by  the  Turks ;  and  we  have  reason  to  believe  that  the  cannon  used  by  them 
were  cast  of  brass,  as  they  thre-v  balls  of  100  lbs.  weight,  but  generally  burst 
at  the  first  or  second  round.  From  this  time  till  cast-iron  came  into  use  for 
the  manufacture  of  guns  and  mortars,  we  may  reasonably  infer  that  they 
were  mostly  of  brass,  and  that  the  old  system  of  hoops  and  bars  was  discon- 
tinued. At  what  period  iron  first  came  into  use  for  the  casting  of  ordnance 
is  uncertain,  but  it  is  supposed  that  several  82-pounders  were  cast  during  the 
reign  of  Charles  the  Second.  Mr.  Muller  was,  however,  the  strong  advocate 
of  iron  as  a  substitute  for  brass ;  he  argues  forcibly,  and  maintains  that  it  is 
not  only  stronger,  but  more  retentive  of  force  than  brass :  and  states  that 
"  the  advantage  of  useing  iron  guns  in  the  field  instead  of  brass  will  be,  that 
the  expenses  are  lessened  in  the  proportion  of  the  cost  of  brass  to  that  of 
iron,  which  is  as  8 : 1."  And,  again, ''  the  only  objection  against  iron  is  its 
pretended  brittleness ;  but,  as  we  abound  in  iron  that  is  stronger  and  tougher 
than  any  brass,  this  objection  is  invalid.  This  I  can  assert,  having  seen 
some  tliat  cannot  be  broken  by  any  force,  and  will  flatten  like  hammered 
iron.  If,  then,  we  use  such  iron,  there  can  be  no  danger  of  the  guns  bursting 
in  the  most  severe  action."  Such  were  the  views  of  Muller  at  an  early 
period  of  iron-casting ;  but  it  was  not  until  after  a  long  succession  of  years 
that  cast-iron  came  into  general  use  for  this  purpose. 

The  Carron  Company  in  Scotland  were  among  the  first  to  introduce  im- 
provements in  the  manufacture  of  cast-iron  guns ;  and  Mr.  Charles  Gascoigne, 
one  of  the  earliest  directors  of  those  works,  invented,  or  rather  improved,  the 
carronade,  which  was  established  as  the  standard  navy  gun  in  1779.  We 
are  not  in  possession  of  the  mixtures  from  which  these  and  other  guns  since 
cast  at  Carron  were  made ;  but,  judging  from  the  strength  and  other  properties 
of  the  metals  then  in  use,  we  should  infer,  from  their  durability,  that  a  carefcd 
selection  was  made.  Under  all  the  circumstances,  it  is  evident  that  the  ma> 
terial  produced  at  this  time  by  the  smelting  process  was  more  to  be  depended 
upon  as  an  article  of  commerce  than  at  present.  We  have  only  to  compare 
the  guns  which  were  cast  in  the  early  days  of  the  Carron  and  Lowmoor 
Company's  works,  with  those  recently  constructed,  to  be  convinced  of  the 
inferior  quality  of  the  iron  from  which  the  guns  and  mortars  employed  in 
the  Itot  war  were  cast. 

To  show  the  progressive  improvement  that  has  taken  place  in  the  forms 
of  ordnance,  we  shall  give  a  few  examples  of  ancient  guns :  in  comparing 
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them  with  those  at  present  employed,  it  must,  however,  be  borne  in  mind 
that  there  is  a  wide  difference  between  the  strength  of  the  gonpowder  of  the 
present  day,  and  that  which  was  in  use  at  the  time  when  cast-iron  ordnance 
was  first  generally  employed,  and  before  the  new  system  of  compression  and 
granulation  with  powerful  machinery  was  introduced. 

Fig.  1  exhibits  a  brass  gun,  executed  for  the  French  Government  in  the 
year  1718 ;  it  is  highly  ornamental,  and  of  great  weight  and  length.  Fig.  2 
is  a  longitudinal  section  of  the  same,  by  which  it  will  be  seen  that  the 
bore  was  conical,  not  cylindrical.  This  form  was  adopted  to  lessen  the  Mo- 
tion ;  but  the  windage,  or  escape  of  the  gas  over  the  ball,  must  have  very 
much  decreased  the 


range.  It  was  found 
exceedingly  difficult 
to  work ;  and  when 
of  large  calibre,  to- 
tally unmanageable. 


Fig.L 


Proposals  for  reducing  ihB  weight  and  great  expense  of  brass  guns 

received  considerable 
attention  towards  the 
middle  of  the  last 
century;  and  the  sub- 
stitution of  iron  for 
brass  was  carried  out 
by  the  improvements  already  noticed.  Shortly  after  the  commencement  of 
tlie  iron-works  at  Oarron,  it  is  stated  that  the  armament  of  the  old  '*  Royal 
George,"  which  consisted  of  100  brass  guns,  weighing  218  tons,  and  costing 


Fi.2. 


Fig.  8. 

^28,840,  would,  if  cast  of  iron,  be  of  less  weight,  and  cost  only  about  £2]  00. 

This  is  a  low  estimate  in  &vour  of  iron ;  but 

the  improvements  effected  by  the  introdution 

of  the  carronade,  or  short  cannon,  not  only 

reduced  the  weight,  but  increased  the  efficiency 

of  the  gun  for  service  on  board  ship. 

Fig.  3  represents  this  description  of  gun, 
which  has  been  extensively  used  in  the  navy 
for  many  years  past,  and  has  done  good  service  --o-  - 

during  the  days  of  Bodney,  Jarvis,  Howe,  and  Nelson.    Fig.  4  represents  a 
howitzer  of  the  same  date  :  this  weapon  was  extensively  employed  for  thro  w- 


Fig.4. 


Digiti 


ized  by  Google 


KBUPP'B  0A8T-8TBBL  CANNON. 


ing  shells  and  other  missiles  on  land  as  well  as  on  ship-board.  Since  the 
introduction  of  steam  navigation,  and  during  the  late  war,  the  armament  of 
the  navy  has  been  immensely  increased  in  weight  and  power;  and  the  result 
is  a  greatly  extended  range  and  the  employment  of  heavier  missiles. 

The  object  of  this  inquiry  is  not,  however,  a  treatise  on  gunneiy,  but  to 
trace  as  far  as  possible,  from  the  earliest  period  up  to  the  present  time,  the 
application  of  iron  to  the  arts,  destructive  as  well  as  useful ;  to  trace  the 
improvements  which  were  made ;  and  to  point  out  the  conditions  and  circum- 
stances under  which  it  may  be  yet  more  extensively  applied  as  a  material  of 
construction.  To  attain  these  objects,  we  shall  have  to  refer  to  the  writings 
of  those  who  have  so  largely  contributed  to  the  improvement  of  the  material, 
as  well  as  its  application;  and  also  to  those  researches  in  experimental 
science,  which  have  rendered  its  strength  and  other  properties  familiar  to 
the  iron-founder  and  the  engineer. 

In  regard  to  the  advantages  of  iron  over  every  other  material  at  our 
disposal  for  the  construction  of  cannon,  little  need  be  said ;  its  strength, 
density,  rigidity,  and  cheapness,  all  point  out  its  great  superiority.  But 
another  question  arises,  not  so  easily  settled — ^In  what  form  should  it  be  em- 
ployed, whether  as  cast-iron,  steel,  or  wrought-iron  ?  Up  to  the  present  time, 
wrought-iron  has  not  been,  in  a  general  sense,  applied  otderwise  than  experi- 
mentally; however,  as  our  readers  have  seen  in  Mr.  Clay's  paper  on 
Wrought  Iron,  the  monster  wrought-iron  gun,  so  feur  as  the  experiments  have 
proceeded,  has  yielded  very  satisfactory  results. 

Attempts  were  made  some  time  ago  to  substitute  steel  for  cast-iron  in  the 
manufacture  of  artillery.  Herr  Krupp,  of  Essen,  one  of  the  most  distinguished 
steel  manufacturers  in  Europe,  proposed  cast-steel  as  a  material  for  ordnance 
in  the  year  1847 ;  and  his  first  gun,  a  S-pounder,  was  submitted  to  very 
severe  tests  at  Berlin  in  1849,  under  which  it  finally  burst.  In  1855,  a 
12-pounder  of  the  same  material  was  sent  to  this  country,  which  withstood 
veiy  severe  tests.  About  the  same  time  a  cylinder  of  cast-steel  was  sent 
from  Essen,  which  was  bored  to  the  calibre  of  an  eight-inch  gun ;  and 
when  here  it  was  cased  in  a  cast-iron  jacket.  The  cast-steel  gun  weighed 
five  tons,  the  casing  four  tons.  It  was  tried  at  Woolwich,  and  burst  on  the 
first  fire,  with  a  less  weight  of  powder  than  the  ordinary  proof-charge.  This 
failure  seems  conclusive  as  to  the  inefiiciency  of  steel  as  a  substitute  for 
iron ;  more  especially  when  we  consider  its  enormous  cost.  Hence  it  is  that 
we  consider  cast-iron,  when  properly  prepared,  to  be  superior  to  every  other 
material  for  the  construction  of  ordnance ;  but  great  care  requires  to  be  ex- 
ercised in  the  selection  of  the  iron,  and  in  its  preparation. 

Until  the  period  when  coal  was  first  applied  to  the  reduction  of  iron  ores 
in  place  of  charcoal,  a  much  purer  iron  was  obtained  than  at  present  The 
crude  iron  produced  from  the  charcoal  furnace  was  generally  much  more  free 
from  phosphorus  and  sulphur;  and  consequently  a  much  more  tenacious 
metal,  admirably  adapted  for  casting  artilleiy  and  heavy  guns,  was  obtained. 
But  since  the  employementof  coke,  and  more  particularly  since  the  application 
of  the  hot-blast,  and  the  use  of  raw  coal,  the  iron-master  has  been  enabled  to 
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increase  his  production  ten-fold ;  and  such  are  the  facilities  afforded  by  the 
enormous  reductive  power  of  mineral  fuel,  that  he  is  tempted  to  increase  the 
quantity  at  the  expense  of  the  quality,  both  by  too  rapidly  forcing  tlie  smelt- 
ing process,  aud  by  the  use  of  impure  materials.  It  is  true  that  although  this 
increasing  and  cheapening  -tlie  process  is  a  legitimate  object  on  the  part  of 
the  manufacturer,  it  is  nevertheless  not  calculated  to  produce  iron  suitable  for 
artillery.  When  a  metal  is  required  for  such  a  purpose,  the  greatest  care 
should  be  observed  in  its  preparation.  Charcoal-iron,  when  it  can  be 
obtained,  is  undoubtedly  the  best ;  and  it  will  be  found  advantageous  to  re- 
melt  it  several  times  before  casting,  if  it  be  of  No.  1  or  No.  2  quality. 

In  selecting  iron  for  guns,  the  American  government  has  adopted  the  plan 
of  testing  the  quality  by  a  breaking  machiae,  by  which  the  tenacity  of  the 
iron  is  shown  in  its  powers  of  resisting  a  tensile  or  transverse  strain.  This 
machine  is  useful  to  the  iron-founder  in  selecting  his  material  in  every  case 
where  strength  and  tenacity  is  the  object  to  be  attained. 

In  some  experimental  researches  undertaken  by  Mr.  Fairbaim,  at  the 
request  of  the  British  Association  for  the  Advancement  of  Science,  and  pub- 
lished in  their  Proceedings  in  1853,  the  effects  of  remelting  upon  a  fine 
quality  of  Eglington  hotblast  iron, No.  8,  were  tested,  audit  was  ascertained 
that  it  did  not  reach  its  maximum  power  of  resistance  until  it  had  been  re- 
melted  twelve  times ;  and  from  thence  to  Uie  fourteenth  melting  it  deteriorated 
rapidly,  aa  may  be  seen  by  the  following  table  of  results : — 


Mean  trans- 

Mean 

Power  to 

resist  impact; 

lbs. 

Resistance  to 

No.  of 

Speclflo 

Terse  break- 

nltimate 

compresjiion 

melting. 

gravities. 

ing  weight ; 

deflection; 

per  square 

lbs. 

inches. 

inch  in  tons. 

1 

C-969 

490-0 

1-440 

705-6 

44-0 

2 

6970 

441-9 

1-446 

630  9 

43-6 

3 

6-886 

401-6 

1-486 

696-7 

411 

4 

6-938 

413-4 

1-260 

620-8 

40-7 

6 

6-842 

431-6 

1-503 

648-6 

411 

6 

6771 

438-7 

1-320 

6790 

411 

7 

6-879 

4491 

1-440 

646-7 

409 

8 

7025 

491-3 

1-753 

861-2 

41-1 

9 

7102 

646-6 

1-620 

885-3 

65-1 

10 

7108 

566-9 

1-626 

921-7 

67-7 

11 

7113 

6519 

1-636 

1066-6 

69-8 

12 

7160 

692-1 

1-666 

11530 

731 

13 

7134 

634-8 

1-646 

1044-9 

660* 

U 

7-530 

603-4 

1-513 

912-9 

95-9 

16 

7-248 

371-1 

0-643 

238-6 

76-7 

16 
17 
18 

7-330 

351-3 

0-566 

198-6 

70-6 

7-385 

312-7 

0-476 

148-8 

88-0 

•  In  the  thirteenth  experiment  the  cube  did  not  bed  properly  upon  tlie  steel  pistes, 
otherwise  it  would  have  resistfd  a  much  greater  force — pnibably  from  eighty  to  rig)»ty- 
five  tons.  It  is  also  to  be  observed  that  there  is  some  accordance  between  these 
experiments  and  the  similar  ones  on  malleable  iron  reported  in  Mr.  Clay's  papei^  at 
page  318,  where  the  greatest  resi^iting  force  occurred  at  the  sixth  heating. 
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The  resnlts  on  transyerse  breaking-weight  were  obtained  from  experiments 
on  bars  of  one  inch  sqnare  and  four  feet  six  inches  between  supports :  those 
on  impact  were  calculated  by  multiplying  the  transverse  breaking  weight  by 
the  ultimate  deflection ;  and  those  on  compression  by  experiments  on  three- 
quarter  inch  and  five-eighth  inch  cubes. 

Other  experiments  were  undertaken,  but  they  varied  considerably  from 
the  above;  some  specimens  attaining  their  maximum  strength  at  the 
third  or  fourth  melting.  In  order  to  determine  the  value  and  resisting 
power  of  cast-iron  under  different  modes  of  treatment  in  the  preparation 
of  metals,  Mr.  Fairbaim  was  requested  to  undertake  a  series  of  experi- 
ments on  24-pounder  guns,  under  the  direction  of  the  Board  of  Ordnance ; 
and  as  these  experiments  exhibit  important  results,  we  are  probably  justified 
in  giving  the  following  abstract  from  the  Reports  of  the  Boyal  Artillery 
Institution : — 

Mr.  FairhairrCs  Experimental  Cast-Iron  Z^Pounder  Ouns. — Six  experi- 
mental 24-pounder  iron  guns,  each  nine  feet  six  inches  in  length  and  fifty 
owt.  in  weight,  were  cast  under  the  direction  of  W.  Fairbaim,  Esq.,  by  the 
Bank-Quay  Foundry,  during  the  months  of  August  and  September,  1855 ; 
the  greatest  possible  care  was  used  in  selecting  the  strongest  and  purest 
metal,  and  in  every  process  connected  with  the  casting.  The  guns  were 
lettered  A,  B,  C,  D,  E,  and  F. 

••A— Cast  from  the  Bank-Quay  Foundry  mixture,  consisting  of  :— 

[No.  1   2cwt.] 
Blaenavon  cold-blast  j  No.  2  15    »»  [  •    •    48  owt 

I  No.  8  26    „  i 
Ully's  Hall  cold-blast    No.  3    .    •    *    •    •    82   „ 
Pontypool  cold-blast      No.  8   •    •    *    •    •    15    „ 


Total  00   „ 

**  B — Cast  from  pig-iron  remelted  once,  and  then  run  into  the  mould  in 

the  usual  way. 
"  C — Cast  from  the  Bank-Quay  Foundry  mixture,  run  from  the  cupola 

and  remelted  by  desulphurized  coke. 
**  D — Cast  from  the  Bank- Quay  Foundry  mixture  under  a  dead- head 

pressure  of  thirteen  feet  nine  inches. 
''E — Cast  from  pig-iron  remelted  once,  and  then  run  into  the  mould 

under  dead-head  pressure. 
«  F — Cast  from  the  Bank-Quay  Foundry  mixture,  with  a  core  in  the 
centre.    The  great  heat  caused  the  iron  core  to  adhere  to  the  metal, 
and  the  cast  was  consequentiy  a  fEulure. 
"  The  guns  marked  A,  B,  C,  D,  E,  were  gauged,  examined,  and  proved  in 
the  Royal  Arsenal  on  the  9th  and  23rd,  October,  1855,  and  then  removed  to 
the  Butt  in  the  marshes  for  experiment.    The  experiments  were  commenced 
80th  November,  and  were  terminated  21  st  December,  1856.    The  charges 
used  were  as  follow : — 
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OT  GOOD  CAST-IRON. 

No.  of  TOimda.         Powder,        No.  of  shot. 

Wads. 

6 
6 
6 
2 
8 
5 
2 

8 
8 
10 
10 
10 
12 
12 

2 
8 
3 
4 

4 
4 
6 

2 
2 
3 
4  C  burst. 

4 
4 
6 

"  Cylinders  averagmg  144  lbs.  in  weight,  or  equal 
substituted  for  the  shot,  and  the  experiment  continued 

to  six  shot,  were  here 

No.  of  rounds. 

Powder. 

Cylinder. 

Wads. 

2 
2 

1 
1 

12 
14 
14 
14 

144  lbs. 

144  „  and  1  shot. 

144  „ 

144  „ 

1 

1  Dburst. 
1  B  burst. 
1  A&Eburst. 

"  The  severe  test  which  these  guns  stood  before  bursting,  affords  a  satis- 
Deictory  proof  of  the  value  of  good  cast-iron  as  a  material  for  ordnance,  pro- 
vided the  metal  be  properly  prepared  aud  judiciously  treated  during  the 
process  of  casting.  It  will  be  observed  that  C  gun  burst  at  a  comparatively 
early  stage  of  the  trial ;  this  appeared  to  have  been  caused  by  fragments  of 
shot  broken  by  contact  with  each  other  within  the  bore.  On  commencing 
the  experiment,  the  guns  were  placed  on  the  ground,  and  their  muzzles  sup- 
ported by  blocks  of  wood,  as  is  usual  in  the  proof  of^ordnance.  Sods  of  earth, 
and  holes  dug  in  the  slop  of  ground  in  the  rear,  somewhat  checked  the 
recoil.  After  a  time,  when  the  guns  were  heavily  shotted,  the  recoil  became 
so  great  that  other  means  for  checking  it  became  necessary ;  beams  of  wood 
were  driven  horizontally  into  the  bank,  and  the  button  of  each  gun  brought 
against  the  end  of  a  beam ;  the  beams  were,  however,  soon  split.  Heavy 
piles  of  timber  were  then  driven  into  the  ground  in  the  rear,  and  supported 
by  cross-beams;  this  formed  a  bulkhead  which  eii'ectually  resisted  any  fur- 
ther recoil. 

The  number  of  pieces  into  which  each  gun  burst  varied  from  fifteen  to 
twenty-four,  besides  many  small  fragments :  large  pieces  were  thrown  consi- 
derable distances ;  one  piece  fell  seven  hundred  yards  to  the  right.  In  every 
instance  but  one,  when  the  gims  burst,  the  shot  or  cylinders  and  shot  were 
driven  into  the  Butt  as  usual.  In  the  case  of  A,  the  exception  alluded  to, 
one  half  of  the  cylinder  was  found  among  the  fragments  of  the  gun.  It 
appeared  evident  that  this  gun  had  burst  before  the  inertia  of  the  charge  had 
been  completely  overcome,  and  that  the  cylinder  was  broken  by  contact 
against  the  fracture  of  the  bore. 

"  It  will  be  seen  that  A  and  E  gnus  stood  the  greatest  number  of  rounds. 
From  an  examination  of  the  granular  character  of  the  fragments  of  both 
guns,  it  was  concluded  that  the  metal  of  E  was  the  best.  In  this  opinion 
Mr.  Fairbaim  concurred.  He  attributed  the  closer  and  stronger  grained 
metal  partly  to  the  remelting  of  the  iron,  and  partly  to  the  great  length  of 
dead-head,  seventeen  feet  three  inches;  and  it  will  be  admitted  that  both 
guns  stood  an  exceedingly  severe  test" 
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The  following  table  gives  the  number  of  rounds,  weight  of  metal  dia- 
charged,  and  quantity  of  powder  used,  in  the  above  trials : — 

Mark  No.  of  Quantity  of  pow-  Total  weight  Weight  of  Projected  to  a 

on  gun.  rounds.  der  used,  in  lbs.  of  ahot,  in  lbs.  fragments,  distance  of 

A               33  364  3120               2icwt.             256 

B                32  850  2952               2|   „                300 

C                17  150  1152               4     y,                300 

D               81  836  2784               6     „               450 

£               83  864  8120  700  or  800 

Prom  a  volume  of  "Reports  of  Experiments  on  the  Strength  and  other 
Properties  of  Metals  for  Cannon/'  published  by  the  Government  of  the  United 
States  of  America,  and  presented  to  the  writer  of  this  dHlcle  by  the  in^ 
telligent  experimenter,  Mr.  Wade,  we  have  extracted  the  following  results, 
which  may  be  valuable  in  connection  with  all  cast-iron  constructions  where 
great  strength  is  a  desideratum. 

To  ascertain  in  what  manner  the  quality  of  iron  was  a£fected  by  its  con^ 
tinuance  in  fusion,  exposed  to  an  intense  heat,  for  longer  or  shorter  periods 
of  time,  four  6-poimder  guns  were  cast  and  tested  in  the  usual  way  by  firing. 
The  charges  were  so  arranged  as  to  give  a  gradually  increasing  force  at  each 
successive  fire  up  to  some  convenient  maximum,  and  then  to  continue  that 
till  the  gun  burst.  Thus,  commencing  with  two  pounds  of  powder  and  two 
balls,  the  charges  were  gradually  increased  till  they  reached  the  maximum 
charge  of  three  pounds  of  powder  and  sixteen  balls,  at  the  t^^enty- third  fire ; 
this  charge  was  continued  till  the  thirty-sixth  fire,  and  tlien  the  only  gun  re- 
maining was  tried  with  two  charges  of  six  pounds  of  powder  and  seven  balls. 
The  results  are  given  below : — 

Endurance. 

Burst  at  31st  fire. 
Burst  at  34th  fire. 
Remains  unbroken. 
Burst  at  28th  fire. 

It  would  appear  from  the  above,  that  the  three  hours*  fusion  gave  a  maxi- 
mum result  of  tenacity  with  this  iron ;  and  Mr.  Wade  considers  that  these 
facts  satisfactorily  prove  that  a  prolonged  exposure  does  augment  the  cohe- 
sive strength  of  iron  up  to  some  limit  not  yet  well  ascertained ;  but  that  if  ex- 
tended beyond  that  limit,  the  strength  of  the  iron  is  thereby  dimimshed.  The 
same  increase  of  strength  was  apparent  in  some  experiments  on  bars.  In 
most  irons,  extended  fusion  has  the  efiect  of  producing  increased  tenacity; 
but  this  increase  of  strength  is  more  apparent  in  iron  from  the  air-famaoe 
than  from  the  cupola,  and  the  utmost  care  is  required  in  some  irons  not  to 
exceed  the  limits  at  which  fusion  is  satisfactorily  attained.  This  point  is 
generally  determined  by  the  practised  eye  of  the  fiimace-man  and  founder. 

In  1851,  Mr.  Wade  made  some  very  successful  attempts  to  cast  guns 
hollow,  and  to  cool  them  from  the  interior.    The  moulds  of  two  8-inch  colum- 


Iron  infusion. 

No.  of  fires   Powder  used. 

Ko.  of  balls 

Hours. 

made.               lbs. 

discharged. 

i 

31                   75 

367 

H 

84                  84 

415 

8 

88                 102 

461 

8i 

25                  57 

271 

Digiti 


ized  by  Google 


894 


MB.  WADE  B  EXPERIMENTS. 


biads  were  placed  in  open  pits :  one  of  the  castings  was  made  solid  and 
cooled  in  the  usual  manner ;  the  other  was  oast  hollow  by  means  of  a  core 
formed  on  a  tube  of  cast-iron,  through  which  a  stream  of  water  circulated 
while  the  iron  was  cooling.  The  core-tube  was  closed  at  the  lower  end,  the 
water  being  conducted  to  the  bottom  of  it  by  an  interior  tube  placed  in  the 
centre  of  the  core,  and  rising  in  the  annular  space  between  the  tubes,  flowed 
off  above  the  casting  in  a  heated  state.  The  exterior  of  the  mould  was 
heated  so  as  to  prevent  its  cooling  there.  Two  10-inch  columbiads  were  also 
cast,  one  solid,  tlie  other  hollow  as  above,  excepting  that  the  exterior  surface 
was  allowed  to  cool  more  rapidly.  They  were  tried  by  continuous  fliing  in 
the  usual  manner,  and  the  following  results  were  obtained : — 

8-inch  gun,  No.  8,  cast  solid     .  .  73  fires. 

8-inch  gun,  No.  4,  cast  hollow  .  .  1500  fires. 

10-inch  gun,  No.  6,  cast  solid     •  .  20  fires. 

10-inch  gun,  No.  6,  cast  hollow  .  •  249  fires. 

Tlie  8- inch  gun,  No.  4,  remained  unbroken,  apparently  capable  of  much 
further  service.  Samples  taken  from  different  parts  of  tlie  burst  guns, 
showed  great  uniformity  in  tlie  tenacity  of  the  specimens ;  the  mean  density 
of  thirty-eight  specimens  being  7-290,  and  tlie  mean  tenacity  37,800  lbs.  per 
square  inch.  The  following  table  gives  the  results  of  these  and  similar  trials 
exhibited  at  one  view : — 


Date. 

Description. 

Quality  of  iron  used. 

Hounds  fired. 

Density. 

Tenacity. 

Cast  solid.   ,CasthoIlow. 

1849 
1851 
1851 

First  pair,  8-inch  .     , 
Second  pair,  8-iin  h     . 
Third  pair,  lO-incb     • 

Total  No.  of  fires  . 

7-223 
7-287 
7-292 

27488 
87811 
37817 

85 
73 
20 

251 

1500 
249 

•• 

•• 

178 

2000 

1844 

Trials  made  in  (   8-inch 
Boston,   both  I 
gunscastsolid  ( 10-inch 

7-276 

26367 

731 
612 

•  • 

Mr.  Wade  believes  that  this  great  difference  between  guns  cast  hollow 
and  those  cast  solid,  could  not  have  been  caused  by  any  accidental  causes, 
the  guns  being  cast  in  pairs  together,  and  every  precaution  being  taken  in 
the  manufacture  and  proof  to  secure  uniform  results.  Thi:)  must  therefore 
be  ascribed  to  the  different  methods  by  which  the  castings  were  cooled. 
But  the  anomalous  results,  that  guns  cast  of  iron  of  the  same  density  and 
tenacity  afford  a  different  endurance  when  tested  by  gunpowder,  must  be  ex- 
plained by  the  laws  which  govern  the  contraction  of  iron  when  cooling. 

On  this  subject,  Mr.  Wade  observes  that  **  it  is  known  that  the  contrac- 
tion under  equal  reductions  of  temperature  is  different  in  iron  of  diflerent 
qualities ;  soft  gray  iron,  which  contains  a  high  proportion  of  carbon,  oon- 
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tracting  least;  and  that  whioh  fonnderB  term  high,  which  is  hard,  light,  and 
close-grained,  and  contains  the  least  per-centage  of  carbon,  contracts  most, 
other  circumstances  being  equal.  The  contraction  of  the  same  iron  is  greater 
or  less,  according  to  the  greater  or  less  rapidity  with  which  it  is  cooled.  That 
which  is  cooled  most  rapidly,  contracts  most." 

The  utmost  care  and  attention  is  required  on  the  part  of  the  engineer  and 
iron  founder,  to  regulate  the  cooling  and  contraction  of  metals.  In  the  pro- 
vince of  the  former,  it  is  of  primary  importance  that  the  design  and  arrange- 
ment of  the  parts  of  castings  should  be  such  as  to  insure,  as  far  as  possible, 
uniformity  in  the  shrinkage,  so  that  there  should  be  equal  tension  in  all  the 
parts.  Nothing  is  so  dangerous  in  cast-iron  constructions  as  the  unequal 
tension  arising  from  contraction ;  and  in  cases  where  castings,  either  from 
pecessity  or  otherwise,  have  tlieir  parts  varied  in  thickness  or  position,  it 
requires  consideration  on  the  part  of  the  iron-founder  to  retain  the  fluidity 
of  the  thinner  parts  as  long  as  possible,  and  to  accelerate,  with  proper  pre- 
cautions, the  cooling  of  the  parts  which  contain  increased  quantities  of  metal. 
In  the  very  centre  of  castings,  a  principle  of  insecurity  and  danger  exists, 
which  not  unfrequently  tears  the  parts  asunder  with  a  loud  report.  Careful 
consideration  in  the  caster  will,  in  most  cases,  obviate  this  evil.  In  the  cast- 
ing of  ordnance,  Mr.  Wade  observes,  that  a  large  mass  of  metal,  like  a 
heavy  gun,  cools  from  the  exterior,  a  thin  external  crust  being  first  formed ; 
then ,  on  tlie  interior  of  this,  a  second ;  and  so  on  towards  the  centre.  Suppose 
that  just  as  all  the  liquid  iron  has  become  solid,  the  exterior  has  cooled  down 
to  the  temperature  of  the  atmosphere,  there  would  then  be  a  difference  of 
temperature  of  2700''  between  the  exterior  and  the  interior.  At  this  time 
it  would  be  entirely  free  and  unstrained  by  contraction;  "but  as  the  ex- 
terior of  the  casting  has  cooled  down  to  a  temperature  at  which  contraction 
has  ceased,  and  the  interior  remains  at  the  melting  point,  2700°  higher,  the 
contraction  due  to  the  latter  (ift  part  of  its  linear  dimensions)  is  yet  to  occur 
in  the  centre,  after  the  exterior  has  ceased  to  contract.  The  effect  of  such 
a  contraction  must  be  to  exert  a  strain  of  compression  on  the  exterior,  and 
one  of  elongation  on  the  interior.  The  above  supposes  an  extreme  case,  in 
which  a  maximum  of  difference  of  temperature  between  the  exterior  and 
interior  occurs— a  condition  which  never  occurs  in  practice.  But  it  serves, 
nevertheless,  to  explain  the  law  which  governs  the  contraction  of  iron,  and 
what  is  believed  to  be  its  injurious  effect  in  castings  which  are  unequally 
cooled.  What  remains  undetermined,  is  the  exact  measure  of  the  conse- 
quences of  such  strains. 

"  In  the  case  of  the  10-inch  gun  cast  solid,  which  bunt  at  the  twentieth 
fire  (being  of  large  diameter,  and  made  of  very  high  iron,  both  contributing 
to  a  large  contraction),  it  is  supposed  that  the  strain  thus  produced  was  nearly 
sufficient  of  itself  to  split  the  gun,  and  that  a  few  shocks  only  from  the  firing 
were  required  to  complete  its  destruction." 

Comparing  the  two  guns  cast  solid  in  1851  with  these  cast  in  1844,  we 
find  that  the  former,  made  of  high  iron,  giving  a  mean  test  strength  of 
87,814  lbs.  per  square  inch,  endured  only  a  mean  of  46  fires;  but  that  the 
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latter,  made  of  lower  iron,  giving  a  test  strength  of  only  26,367  lbs.,  endored 
a  mean  of  67J  fires.  This  was,  in  fdl  probability,  in  consequence  of  the 
greater  contraction  of  high  iron.  "  From  this  it  appears,  that  a  redaction  of 
strain  in  the  casting  is  of  more  practical  value  than  an  increased  strength  of 
the  iron."  Hence,  either  the  hard  strong  irons  must  be  abandoned  in  the 
manufacture  of  heavy  ordnance,  and  soft  gray  qualities  substituted,  or  some 
means  must  be  adopted  for  so  regulating  the  cooling  process  as  to  prevent 
the  existence  of  a  strain  arising  from  unequal  contraction ;  and  this  last 
seems  to  be  effected,  in  part  alf  all  events,  by  Lieutenant  Hodman's  plan  of 
casting  with  a  core. 

Subsequently  to  the  above,  two  other  8-inch  eolumbiads,  cast  solid,  were 
tried  by  firing,  and  gave  the  following  anomalous  results : 

Denrity.       Ten«dty.        ^a^"^ 

Oast  and  proved  in  1861  (see  last  table)    :     7*287  37811  72 

Cast  m  1846,  and  proved  m  1862    .    :    ;  1 7-220  22989  800 

**  The  form,  dimensions,  weight,  mode  of  casting  and  cooling,  and  the 
manner  of  proving,  were  the  same  in  all.  It  will  be  seen  that  the  gun  made 
of  the  strongest  iron,  with  a  short  interval  of  time  between  its  manufacture 
and  proof,  endured  the  smallest  number  of  fires ;  and  that  those  made  of 
weaker  iron,  but  proved  long  after  being  cast,  endured  the  greatest  number." 

It  is  well  known  that  beams,  &c.,  submitted  to  severe  strain,  tend,  in  course 
of  time,  to  accommodate  themselves  to  the  position  they  are  forced  to  assume, 
and  by  some  molecular  change  acquire  a  large  permanent  set,  their  tenacity 
being  little  injured.  The  above  anomalous  results  are  probably  explained  on 
this  piinciple — a  molecular  change  having  taken  place  in  the  course  of  some 
years,  and  the  strain  produced  by  unequal  contraction  being  relieved,  would 
permit  all  the  resisting  powers  of  the  metal  to  be  opposed  to  the  force  of  the 
charge. 

This  change  will  occur  the  more  rapidly,  if  another  strain  be  opposed  to 
that  produced  by  unequal  contraction.  If,  for  example,  a  cast-iron  beam  ' 
(Fig.  5)  has  a  thick  flange  on  the  bottom  side  at  B,  and  a  thin  one  on  the 
other,  the  tendency  would  be  for  the  thin  side  to  solidify  some  time  before 
the  other  had  cooled  down  to  that  point.  In  the  act  of  cooling,  the  con- 
traction of  the  metal  of  the  thin  flange  would  tend  to  give  it  a  concave  form  ; 
but  afterwards  the  larger  mass  of  metal  in  the  thick  flange,  passing  from  the 
fluid  to  the  solid  state,  and  con-  a 

tracting  still  more  forcibly,  would  ^      |-—  i 

force  the  upper  fl^ige  into  a  con-  J"   rAr^r*  1 

▼ex  form,  as  shown  in  Fig.  5 ;  and 
ensure  a  considerable  tension  in 
flange  A,  by  bending  the  beam  up- 
wards, and  forming  a  concavity  on 


4 


the  under  side,  B.    A  beam  or  cast-  Fiff.  6. 

ing  of  any  kind,  therefore,  having  one  side  in  a  state  of  tension  and  the 
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other  in  a  state  of  compression,  with  its  cohesive  powers  below  nninjured,  is 
precisely  in  the  most  favourable  condition  for  sustaining  a  load.  It  is 
evident  that,  in  submitting  a  beam  of  this  land  to  strain  by  suspending  a 
weight  from  the  middle,  as  at  W,  its  bearing  powers  are  improved  rather 
than  diminished.  By  increasing  the  weight  till  the  deflection  of  the  beam 
relieves  the  tension  on  the  upper  flange,  by  forcing  the  particles  together  and 
throwing  a  tensile  strain,  on  the  lower  flange,  the  beam  is  in  the  same  con- 
dition for  supporting  a  load  as  if  no  strains  had  been  produced  by  contrac- 
tion in  cooling. 

In  the  case  of  cannon  cast  solid,  the  straius  produced  by  contraction, 
acting  in  the  opposite  direction  to  {hose  we  have  spoken  of,  tend  to  burst  the 
gun  and  weaken  it,  by  acting  in  the  same  direction  as  the  strain  produced 
by  firing. 

Viewing  the  subject  in  this  light,  it  will  be  found  that  the  power  of  resist- 
ance to  strain  is  constant,  when  the  load  remains  unifonn  and  tmdisturbed. 
Thus,  if  the  beam  (Fig.  5)  were  loaded  to  within  1-lOOth  part  of  its  breaking 
weight,  it  would  continue  to  support  that  load  ad  infinitum,  if  it  remained 
undisturbed  and  without  change.  In  this  condition,  the  whole  of  its  powers  of 
resistance  are  brought  to  bear  upon  the  load.  Reverse  the  process  by  re> 
moving  the  load,  replace  it,  and  continue  this  operation  of  removing  and  re- 
placing for  some  time,  and  the  strains  produced  will  be  similar  to  those  of 
the  guns  which  were  burst  by  repeated  charges ;  each  of  which,  by  itself,  was 
iiEa'  from  sufficient  to  seriously  injure  them.  By  such  repeated  strains,  the 
molecular  cohesive  power  of  iron  is  destroyed;  and  the  real  question  for 
solution  is,  to  what  extent  may  we  continue  these  changes  before  fracture 
ensues.  By  the  table  just  recorded,  it  will  be  seen  that  one  of  the  8-inch  guns 
sustained  only  251  fires,  while  another  remained  unbroken  after  1600  fires. 

In  all  constructions  such  as  cannon,  it  is  essential  that  the  greatest  care 
should  be  taken  in  casting  to  have  the  metal  perfectly  liquid,  and  of  the  right 
temperature ;  to  give  time  in  the  cooling :  and  to  assist  the  natural  process 
of  crystallization,  so  as  to  allow  the  crystals  to  form  regularly,  in  order  to 
insure  uniformity  of  tension  in  all  the  parts.  In  the  selection  of  iron  for  the 
casting  of  artillery,  the  greatest  circumspection  should  be  observed  to  obtain 
it  free  from  sulphur  or  phosphorus.  The  metal  should,  in  our  opinion,  be 
ductile,  but  closely  granulated,  and  of  a  specific  gravity  not  less  than  7*2. 
Iron  of  this  kind,  smelted  either  by  coke  or  charcoal,  is  generally  found  to 
possess  great  tenacity ;  and,  if  properly  prepared,  by  remelting  a  few  times, 
according  to  the  quality  of  the  iron,  we  may  reasonably  conclude  that  guns 
may  be  cast  that  will  stand  from  1 500  to  2000  rounds  before  they  are  disabled, 
and  from  1000  to  1500  before  they  are  pronounced  unfit  for  service. 
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CHAPTER  XX. 

oil  TBI  APFLIOATION  OF  OAST  AND  WBOUOHT-IBON  TO  MILLWORC  AKD 
HACHINERT. 

It  would  be  intereBtmg  to  trace  the  first  development  of  cast  and  wrought- 
iron  appliances  to  millwork  and  machinery ;  but  the  subject  is  so  much  in- 
Yolved  in  obscurity,  and  even  the  time  of  its  introduction  is  so  uncertain,  as 
to  render  this  impossible.  There  cannot  exist  a  doubt  that  it  was  employed 
at  a  very  early  period  as  a  substitute  for  brass,  or,  as  it  was  then  called,  gun- 
metal,  in  the  manufacture  of  cannon.  It  is  asserted  that  there  was  an  export 
of  cast-iron  ordnance  to  the  Continent  as  early  as  the  reign  of  Elizabeth. 
Since  that  time  there  has  been  a  progressive  extension  and  improvement  of 
tlie  smelting  manufacture  and  casting  of  iron,  and  of  its  application  to  a 
variety  of  structures,  such  as  steam-engines,  architecture,  bridges,  and 
machinery.  One  of  the  earliest  and  most  extensive  applications  of  iron  was 
opened  up  by  the  Golebrookdale  Company,  by  their  castings  for  the  iron 
bridge  which  crosses  the  Severn  at  Golebrookdale  in  1777 — ^0,  and  also  the 
bridge  at  Sunderland,  one  of  the  most  stupendous  structures  of  its  kind 
at  a  time  when  iron  constructions  were  but  littie  known  and  imperfectly 
understood.  From  that  time  we  may  date  the  commencement  of  a  new  era  in 
the  appUcation  of  cast-iron  to  the  constructive  arts. 

About  the  same  time,  Mr.  Watt  availed  himself  of  the  advantages  of  iron, 
which  could  be  run  into  moulds,  for  the  construction  of  the  steam-engine. 
Without  the  advantages  derived  from  casting,  and  the  facilities  it  gives  to  the 
multiplication  of  forms  of  every  description,  steam-engiaes  and  other  construc- 
tions would  be  extremely  limited  and  imperfect;  but  with  the  aid  of  the 
foundry  and  the  forge,  we  are  enabled  to  combine  every  form,  and  to  meet 
all  the  requirements  of  an  enlarged  and  increasing  consumption. 

Of  what  advantage  would  the  construction  of  tibe  steam-engine,  millwork, 
and  machinery  be,  if  it  were  not  for  the  facilities  and  cheapness  with  which 
these  constructions  are  effected  by  the  use  of  cast-iron  ?  and  how  laborious 
and  expensive  would  it  be,  if  we  had  to  form  our  cylinders,  pumps,  and  steam- 
pipes  out  of  wrought-iron  or  brass  !  The  expense  would  be  enormous,  and 
the  manufacture  also  imperfect ;  hence  the  advantages  we  derive  from  the 
use  of  iron  in  the  crude  state,  when  it  can  be  moulded  and  run  into  almost 
every  shape.  We  shall  endeavour  to  give,  in  consecutive  order,  the  various 
uses  to  which  it  is  applied;  and,  by  comparing  the  present  with  the  past,  we 
shall  be  taught  how  much  we  have  learnt,  and  how  much  we  have  yet  to 
learn,  in  all  its  appliances  to  mechanical  construction. 

It  is  not  more  than  a  century  since  toothed  wheels  for  communicating 
motion  were  made  entirely  of  wood ;  and  there  are  still  in  existence  speci* 
mens  of  the  cog  ami  rung,  with  large  wooden  shafts,  to  mark  the  state  of  the 
mechanical  arts  at  a  time  not  much  beyond  the  memory  of  persons  still 


Digiti 


ized  by  Google 


WOOD  AND  IBON  GEARING  OOMPARED. 


890 


liyiiig.  We  ourselves  remember  to  have  seen  one  of  the  first  iron  wheels 
that  was  cast  in  Scotland ;  and  we  believe  it  to  be  still  in  existence,  as  the 
base  of  a  dial-plate  in  front  of  the  residence  of  tiie  late  Mr.  Wm.  Murdock  of 
Soho,  near  Birmingham.  Sftice  then,  mill-gearing  has  undergone  a  wonder- 
ful change,  attributable  almost  entirely  to  the  use  of  cast  and  wrought-iron. 
As  an  example  of  the  state  of  mill-work  little  more  than  eighty  years  ago,  we 
give  the  following  sketch,  showing  the  mode  of  construction  as  it  tlien  existed, 
for  comparison  with  the  manner  in  which  the  same  is  effected  at  tlie  present 
day.  Up  to  the  year  1780,  most  of  the  mills  in  this  country,  and  other  parts 
of  Europe,  were  driven  by  wooden  wheels  and  shafts  of  the  annexed  form. 

In  this  figure  of  a  corn-mill  (Fig.  0)»  A  is  the  water-wheel  put  in  motion 
by  a  stream  of  water,  B,  the  pit- 


whedl,  and  G,  the  upright  shaft  or 
stone  spindle ;  and  on  this  shaft  the 
running-stone  was  fixed.  At  other 
times,  when  more  than  one  pair  of 
stones  were  required,  a  spur-wheel 
and  pinion  (technically  called  "cog 
and  rung")  gave  motion  to  three  or 
four  pairs.  All  the  wheels  and 
shafting  were  of  wood,  constructed 
like  the  pit- wheel  B,  the  teeth  being 
composed  of  hard  wooden  pegs ;  and 
the  pinion,  or  "  wallower,"  as  it  was 
then  called,  was  constructed  of  round 
pegs  or  trenails,  inserted  into  and 
between  two  circular  discs,  as  shown 
in  the  drawing  D,  Fig.  6. 

Contrasting  these  with  the  con- 
Btructions  of  the  present  day,  as 
practised  by  our  most  eminent  en- 
gineers, we  perceive  at  once  the 
immense    benefits    conferred    upon 


Fig.  6. 

practical  science,  and  the  facilities  afforded  for  the  advancement  of  the 
constructive  arts,  by  the  application  of  iron  in  its  crystalline  as  well  as  its 
malleable  state.  The  wheels,  shafts,  and  supporting  framework,  generally 
denominated  fixings,  can  be  reproduced  or  multiplied  to  any  extent  by 
casting  from  the  original  model.  It  is  in  this  that  the  use  of  cast-iron 
differs  from  that  of  malleable  iron;  for,  although  the  strength  and  duc- 
tility of  this  material  is  greatiy  increased  by  being  converted  into  the  mal- 
leable state,  yet  each  wrought-iron  article  has  to  be  forged  separately,  and 
then  planed  and  turned  to  the  required  shape,  while  by  the  casting  pro- 
cess we  are  enabled  to  produce  articles  of  every  variety  of  form,  and  often 
of  exquisite  beauty,  in  the  decorative  as  well  as  the  useful  arts ;  and  once 
having  made  a  model,  we  may  produce  any  number  of  copies  that  may  be 
required. 
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The  accompanying  sketcli  (Fig.  7)  shows  the  changes  which  have  been 
effected  in  the  construction  of  corn-mills  by  the  use  of  this  material.  A 
steam-engine  is  in  this  case  the  moving  power  which  gives  motioa  to  a  hoxi- 


zontal  shaft  A,  by  means  of  the  pinion  B,  which  works  into  the  periphery  of 
the  fly-wheel  0  of  the  steam-engine ;  and  this  again  communicates  motion  of 
the  required  Telocity  to  the  vertical  spindles  of  from  six  to  twenty  pairs  of 
stones.  This  is  a  great  improvement  over  the  old  plan,  in  which  a  toothed 
spur-wheel  on  a  vertical  shaft  gave  motion  to  from  three  to  four  pairs  of 
stones,  and  where  all  the  wheels  had  to  be  framed  of  wood. 

The  wheat,  as  it  arrives,  is  raised  to  the  top  of  the  mill,  sometimes  by  the 
hoist  or  teagle  D,  or  by  elevators ;  and  from  thence  it  is  conveyed  to  the 
wheat  screening-machines,  one  of  which  is  seen  at  E.  From  these  machines 
it  passes  into  the  Archimedean  creeper  F,  which  runs  along  the  whole 
length  of  the  building,  and  distributes  the  wheat  equally  through  fdl  the 
hoppers  G.  Thence  it  falls  into  the  stones  which  are  inclosed  in  iron  cases, 
H,  the  supply  being  regulated  by  the  silent-feeder.  After  being  ground 
it  falls  through  the  inverted  cones  into  the  Archimedean  creeper  I,  which 
conveys  it  to  the  end  of  the  building,  whence  it  is  raised  by  another  line  of 
elevators  K  E,  to  the  creeper  at  N  ;  and  from  thence  it  is  passed  to  the  cooling 
room  O,  and  the  dressing- machines  M,  where  it  is  separated  from  the  bran, 
and  prepared  for  the  market.  In  addition  to  the  principal  driving  gear,  the 
frames  and  inverted  cones  are  composed  of  cast-iron ;  and  the  spindles 
and  lighter  shafting  for  driving  the  cleaning  and  dressing  machinery  in  the 
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roomB  aboye,  are  eonstnioted  of  malleable  iron,  oarefiilly  tamed  and  finished, 
and  fitted  with  the  greatest  accnracy  to  their  bearings. 

The  flonr  mills  of  the  present  day  are,  moreover,  made  self-acting,  by  the 
use  of  Arohimedian  screw- creepers  (similar  to  those  occasionally  employed 
fhr  raising  water),  and  other  elevators  and  appendages,  which  cany  on  a 
ooDsecative  process  in  the  mannfactore.  This  description  of  machinery 
could  not  have  been  executed  but  for  the  extensive  use  of  iron,  and  the 
improvements  introduced  by  Mr.  Fairbaim  in  the  system  of  gearing  direct 
from  the  fly-wheel,  placing  the  mill-stones  longitudinally,  in  a  straight  line, 
and  adopting  the  sQent-feeder  for  supplying  the  stones  with  grain.  .  All 
IJiese  improvements  give  a  degree  of  neatness  and  durabiHfy  to  the  ma- 
chineiy  that  could  not  have  been  accomplished  where  wood  was  employed  as 
the  only  material  of  construction. 

It  is  not,  however,  in  corn-mills  alone  that  iron  has  produced  such 
changes.  It  has  introduced  still  greater  improvements  in  the  machineiy  for 
transmitting  motion  to  the  different  machines  employed  in  the  manu&cture 
of  the  textile  fabrics.  The  writer  recollects  the  ponderous  shafts  and  heavy 
drums  of  former  days,  which  used  to  utter  groans  and  loud  complaints  at 
every  revdhition ;  and  he  attributes  much  of  his  own  early  success  in  life 
to  the  changes  effected  by  the  increased  velocity,  and  great  reduction]  of 
weight  in  machinery,  accomplished  by  the  employment  of  iron. 

Like  every  other  improvement,  it  was  at  first  sturdily  opposed;  but  op- 
position at  last  gave  way  to  the  numerous  advantages — such  as  economy  of 
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Fig.  8. 


power  and  cost  of  construction,  greater  durability,  accuracy,  and  exterior 
finish,  with  a  perfectly  noiseless  motion — which  these  changes  introduced. 

The  annexed  sketch.  Fig.  8,  ex- 


Pig.  9. 


hibits  the  form  of  a  horizontal 
shaft  and  drum,  as  it  existed  in 
some  of  our  cotton-mills  fifty 
years  ago ;  and  Fig.  0  the  same 
as  it  is  now  constructed. 
From  the  above  it  will  be 


evident  that  a  very  considerable  saving  of  power,  as  weU  as  of  material,  has 
been  effected  by  the  substitution  of  light  shafts  at  high  velocities  for  the  pon- 
derous heavy  shafting,  which  could  only  be  run  at  low  speeds,  and  then  with 
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an  enonnoiiB  amount  of  £dotian.  Eifiy  years  ago  the  requisite  ^eed  for  the 
machines  was  obtained  by  a  wooden  drtnn  from  four  to  five  feet  in  diameter ; 
now  it  is  obtained  by  a  light  iron  pfolley  and  polished  iron  shaft,  miming  at 
three  to  four  times  the  speed.  The  shaft  and  drom,  Fig.  8,  ronning  at  80 
to  40  rerolutions  per  minnte,  represent  things  as  they  were  fifty  years  ago ; 
and  Fig.  9,  at  100  to  140  rerolutions  per  minute,  shows  them  as  they  now 
exist  All  these  changes,  improvements,  and  alterations,  are  attributable 
to  the  free  use  of  iron. 

Before  entering  upon  another  department  of  iron  appliance,  it  may  be 
interesting  to  give  one  or  two  more  examples  of  the  iron  oonstmetions  in 
mills  appropriated  to  the  manufacture  of  cotton,  wool,  and  other  fibrous  sob- 
stanoes ;  and  to  endeavour  to  show  how  largely  the  use  of  iron  in  tiieir  con- 
struction has  contributed  to  the  skill,  spirit,  and  enterprise  with  which  the 
manufiictures  of  this  country  have  been  pursued,  and  from  what  compara- 
tively small  beginnings  the  present  system  of  organization  has  originated, 
standing  as  it  does  without  a  parallel  for  its  immense  exent  and  vast  national 
importance. 

"Without  iron,  and  the  fiunHty  and  cheapness  with  which  it  can  be  a{^]ied 
to  the  construction  of  miflwork  and  machinery,  the  inventions  of  Arkwri^t 
and  Crorapton  would  have  been  a  dead  letter.  The  fire-proof  mills,  Ihe  steam- 
engine,  and  the  shafting  by  which  its  force  is  transmitted  to  distances  of 
many  hundreds  of  feet,  are  among  the  proofs  of  tbe  value  of  iron  appliances. 
When  we  add  to  these,  the  beautiful  machinery  which  receives  its  motion 
from  the  iron  arms  of  that  gigantic  power,  the  steam-engine,  some  conception 
may  be  formed  of  the  immense  value  of  this  extensive  and  widely-extending 
manufacture.  Some  idea  may  be  formed  of  the  demand  for  iron  for  these  con- 
structions when  we  state,  that  in  this  country  alone  the  cotton  manufEusture 
employs  upwards  of  1 ,000,000  spindles  constantiy  in  spinning  yam.  Upwards 
of  250,000  power-looms  are  in  operation,  independentiy  of  hand-weaving ;  and 
to  these  must  be  added  carding,  roving,  winding,  and  dressing  machines; 
and  even  then  we  are  fiar  short  of  an  accurate  estimate  of  their  extent  and 
value,  or  of  the  iron  required  to  keep  up  the  supply.  This  can  only  be 
arrived  at  by  a  regular  course  of  statistical  returns ;  but  as  these  do  not 
constitute  a  part  of  the  present  investigation,  we  are  enabled  to  supply  only 
such  data  as  may  be  calculated  to  show  the  amount  of  demand  and  tiie  applica- 
tion of  iron  in  cases  where  nearly  the  whole  of  the  machinery,  millwork,  and 
steam-engines,  are  composed  of  tiiat  material.  In  corroboration  of  what  has 
already  been  said,  let  us  take  a  single  mill  in  the  hands  of  one  person,  in 
which  the  motive-power  is  supplied  by  engines  of  1200  to  1800  indicated 
horse-power,  driving  70,000  spindles  and  2500  looms.  These  works  now  in 
existence  are  divided  into  two  mills,  one  driven  by  a  force  of  600  nominal 
horse-power,  the  other  by  a  force  of  about  half  that  power.  As  the  former 
is  one  of  the  latest  constructions,  it  may  be  necessary  to  give  a  brief  descrip- 
tion of  its  arrangements,  more  particularly  in  reference  to  the  conditioDS, 
forms,  and  purposes  to  which  iron  is  apphed  in  connection  with  this  laige 
I   and  important  branch  of  industry. 
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Fig.  10  exhibits  a  longitadinal  section,  and  Fig.  11a  plan,  of  one  of  those 
establishments.    A,  in  the  ground  plan,- represents  the  steam-engines,  one  on 
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Fig.  10. 


each  side  of  the  fly-wheel  B,  which  gives  motion  to  the  whole  of  the  ma- 
ahin^y;  the  mill  is  310  feet  long  and  60  feet  wide,  and  six  stories  high. 
It  ccmtains  12480  square  yards  of  flooring,  and  the  two  lower  stories  are 
occupied  by  carding  and  preparatory  machinery ;  the  four  rooms  aboye  by 
spinning  machinery.     The  large  building  D,  containing  an  area  of  6760 


Kg.  11. 


square  yards  of  flooxing,  is  appropriated  exclusively  to  power  looms;  and 
from  these  (1800  in  number)  are  produced  50,400  yards  of  cloth  per  diem. 
The  whole  of  the  machinery  contained  in  this  space  and  the  two  lower  floors 


Digitized  by  VjOOQIC 


i04  COTTON  SPINNIMa  MACHINEBT. 

of  the  mill  is  composed  of  iron,  and  weighs  about  060  tons.  The  mules 
and  throstles  of  the  four  upper  rooms  are  also  of  iron,  and  weigh  upwards 
of  250  tons.  Add  to  these  the  steam-engines  and  boilers  400  tons,  millwork 
and  steam-he&ting  apparatus  700  tons,  and  we  have  960  -(-  250  +  400  -)-  700 
=  2310  tons  of  iron ;  value  about  £70,000,  irrespective  of  the  buildings,  which 
are  fire-proof,  and  contain  upwards  of  2000  tons  of  metal.  In  the  longitudinal 
section  of  the  mill  exhibited  in  Fig.  11,  will  be  seen  the  form  of  the  floors, 
consisting  of  iron  beams  supported  on  two  rows  of  iron  columns ;  the  spaces 
between  the  beams  being  arched  over  with  brick.  On  these  arches  are  laid 
the  floors,  on  some  occasions  covered  with  concrete,  with  stone  flags  or  tiles, 
and  at  others  with  wooden  floors,  according  to  the  kind  of  flooring  best 
adapted  for  the  machinery  contained  in  the  rooms ;  but  these  structures  we 
shall  have  occasion  to  notice  more  at  length  when  we  come  to  treat  of  iron 
as  applied  to  architecture. 

It  will  be  observed  that  the  steam-engines  A  and  the  flj-wheel  B  give 
motion  to  the  horizontal  shafts,  and  these  again  transmit  it  to  two  vertical 
shafts  (one  of  which  is  shown  at  G  G),  which  rise  from  the  large  bevil  wheels 
at  the  bottom  to  the  top  of  the  building.  These  shafts  communicate  with  the 
horizontal  shafts  in  each  room,  which  give  motion  by  means  of  straps  and 
pulleys  to  eveiy  description  of  machinery  contained  in  the  building. 

By  the  same  process  of  transmission,  motion  is  communicated — ^first,  by 
an  underground  shaft,  H,  to  the  looms  in  the  weaving-sheds ;  secondly,  by  an 
upright ;  again  by  the  main  horizontal  shaft ;  and  subsequently  to  all  the 
light  horizontal  shafting  in  the  room.  In  a  well-organised  and  well-con- 
ducted establishment,  the  whole  of  the  shafting  is  polished  and  kept  bright 
The  main-shafts  are  composed  of  cast,  the  lighter  kind  of  wroughlriron;  and 
the  extent  of  shafting  kept  in  motion  in  a  modem  mill  of  this  kind  is  about 
8200  yards,  or  nearly  two  miles.  From  the  above  description,  the  reader 
may  form  a  tolerably  accurate  idea  of  the  extent  and  importance  of  a  cotton- 
foctoiy  of  modem  constraction,  the  original  cost  of  which  is  about  J£90,000 
to  jS100,000,  and  the  amount  of  capital  necessary  to  conduct  the  business 
not  less  than  j650,000  more. 

Of  the  machinery  of  a  cotton-mill,  little  can  be  said  without  going  into 
descriptive  detail.  We  have  already  noticed  that  it  is  almost  entirely  com- 
posed of  iron ;  and  that  drcumstance  alone  may  be  sufficient  to  give  it  a  place 
along  with  the  steam-engine  and  millwork,  as  one  of  the  constractions  to 
which  iron  is  applied;  and  a  few  remarks  on  the  self-acting  mule — one  of  the 
most  ingenious  and  productive  machines  in  this  marvellous  manufiBtctnre 
— may  not  be  out  of  place.  It  is  entirely  formed  of  iron,  excepting  only  the 
travelling-carriage,  which  for  lightness  is  composed  partly  of  wood  and  partly 
of  iron.  The  same  may  be  said  of  all  the  other  machines,  such  as  the  winding, 
carding,  drawing,  roving,  &c.,  which  constitute  the  series  for  spinning  cotton 
yam,  as  also  the  sizing,  dressing,  and  weaving  machines  for  converting  that 
yam  into  doth.  All  these  machines  would  be  of  little  value  but  for  the 
facilities  afibrded  in  their  constraction  by  the  use  of  iron.  As  respects  the 
self-acting  mule,  it  is  a  substitute  for  a  similar  machine  which  was  formerly 
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worked  by  hand ;  and  in  the  spinning  of  fine  ntunbers  the  hand-mule  is  still 
in  use,  the  self-aotor  not  having  as  yet  reached  such  perfection  as  entirely 
to  dispense  with  manual  labour.  In  the  self-acting  mule  the  stretchy  which 
is  about  five  feet,  is  performed  by  the  moving  power;  while  the  backing  ojQT, 
the  return  of  the  carriage,  and  the  winding  on  of  the  yam,  succeed  each  other 
without  any  interruption  by  the  disengagement  of  the  different  parts  of  the 
mechanism  performed  by  the  machine  itself.  These  are  effected  with  great 
precision,  so  that  the  attendants  have  nothing  to  do  but  to  watch  its  move- 
ments, to  piece  the  broken  threads  when  the  carriage  begins  to  move  and 
recede  from  the  roller-beam,  and  to  stop  it  whenever  the  cop  is  completely 
formed,  as  indicated  by  the  bell  of  the  counter  attached  to  the  working  gear. 

Such  are  the  properties  of  the  mule,  or  machine  for  spinning  yam;  and 
the  same  may  be  said  of  all  the  other  machines  which  in  every  stage  of  that 
important  branch  may  be  considered  automaton  or  self-acting.  We  could 
multiply  tostances  of  the  same  construction  in  the  other  branches  of  the 
manufacture  of  the  textile  fabrics— namely,  the  flax,  wool,  and  silk ;  but  as 
these  observations  apply  more  directly  to  the  material  of  which  the  machinery 
in  those  manufactures  is  composed,  the  above  will  probably  suffice  to  show 
that  all  similar  machines,  if  properly  constructed,  must  be  made  of  iron. 

Other  machineiy  in  similar  buildings  is  in  operation  for  bleaching,  dyeing, 
printing,  and  finishing  cotton  goods.  These  machines,  with  some  few  ex- 
ceptions, are  also  composed  of  iron ;  and  we  may  attribute  their  present 
perfection  and  extended  application  to  the  use  of  this  material  These  feusts 
are  peculiarly  interesting  in  regard  to  the  application  of  iron  to  particular 
arts ;  but  are  comparatively  unimportant  when  we  examine  its  application 
to  the  manufacture  of  the  machinery  of  tools.  These  are  the  parents  of 
all  other  machines ;  and  it  is  difficult  to  determine  whether  the  skill  and 
ingenuity  displayed  in  their  construction,  or  the  facility  with  which  iron 
adapts  itself  by  casting,  forging,  and  planing,  to  every  requirement  in  the 
constraction  of  other  machines,  are  most  to  be  admired.  These  machines 
possess  an  almost  creative  power :  one  set  of  good  self-acting  machine  tools 
will  make  all  other  machines ;  and  these  again  will  produce,  imtil  the  numbers 
ore  multiplied  to  an  immense  extent,  each  of  which,  for  exactitude  in  action, 
is  without  a  parallel  in  the  past  histoiy  of  mechanical  science.  Hence  it 
is  that  iron  is  so  much  in  demand,  and  so  widely  extended  in  its  application 
to  the  industrial  and  useful  arts. 

It  would  be  easy  to  extend  these  remarks  to  other  branches  of  industry, 
in  which  machinery  is  used  and  iron  applied ;  but  having  given  examples  of 
its  early  application  to  com  and  cotton  mills,  and  the  present  constmction  of 
machinery,  it  will  not  be  necessary  to  multiply  examples  in  other  departments 
of  manufsicture,  such  as  those  of  flax,  wool,  and  alpaca.  These  will  all  be 
dwelt  upon  in  the  subsequent  volumes  of  this*  work  devoted  to  the  textile 
fabrics.  It  may  not,  however,  be  out  of  place  to  mention  the  manufacture  of 
flax  machinery,  as  carried  on  by  Mr.  Peter  Fairbaim  of  Leeds,  in  order  to 
point  out  the  importance  of  a  branch  of  manufacture  that  has  recently  made 
such  rapid  strides  from  a  comparatively  rude  state  to  one  of  high  importance : 
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we  may  mention,  that  in  this  establishment,  1000  hands  or  upwaids  aare  ( 
ployed  in  ihe  manufacture  of  tools  and  machinery ;  into  the  constractioii  of 
which  both  iron  and  brass  largely  enter.  The  parts  of  these  machines  are 
prepared  and  fitted  by  the  machine  tools  of  which  we  hare  spoken,  with  a 
degree  of  accuracy  seldom,  if  erer,  surpassed. 

The  heckling  t  spinning,  roving  J  and  screw-giU  machines  are  exquisitely  made, 
and  the  boring,  planing,  and  grooving  tools,  work  with  such  precision,  as  to 
render  each  succeeding  machine,  and  each  part  of  it,  a  facsimile  of  its  pva- 
decessor.  The  same  may  be  said  of  the  other  tools,  nearly  the  whole  of 
which  are  self  acting,  and  command  a  power  of  production  which  few,  if  any, 
other  establishment  can  boast  of. 

Watez- Wheels. — ^We  might  enlarge  on  the  merits  of  these  machines ;  but 
having  in  this  section  already  exceeded  our  limits,  we  shall  conclude  with  an 
account  of  one  of  the  earliest  of  the  applications  of  iron,  viz.  to  water-wheels. 
These  are  machines  for  receiving  the  motive  power  of  a  stream  of  water,  and 
converting  it  into  a  uniform  rotary  motion,  so  that  it  may  be  applied  to 
driving  other  machinery.  Previouidy  to  the  commencement  of  the  present 
century,  tiie  whole,  or  nearly 


the  whole  of  our  water  wheels 
were  made  of  wood ;  and 
it  was  reserved  for  the 
late  Thomas  Cheek 
Hewes,    millwright 
and    machinist     of 
Manchester,  to 


Fig.  12. 


troduce  an  entirely  new  system  on  the  principle  of  suspension,  constructed  of 
malleable  and  cast  iron,  with  slender  wrought-iron  arms  supporting  the  rim  and 
buckets  of  the  water-wheel.  Some  affirm  that  this  principle  was  first  applied  in 


Digiti 


ized  by  Google 


CONffrBUCnON  of  KB.   HEWBSS  Wi^TER^WHBBL. 


407 


Irelaiid,  and  that  the  buckets  of  the  wheel  were  there  hong  by  chains  kept 
tight  by  serewB,  as  shown  in  Fig.  12.  By  this  arrangement  the  circumference 
of  the  wheel  was  kept  in  position  by  the  chams  bbb,  and  screws  a  a  a,  &c.  In 
this  illnsttation,  exhibiting  radial  chains,  we  haye  selected  one  of  Mr.  Fair- 
bairn's  water-wheels  with  ventilated  bnckets,  adapted  to  low  falls,  as  shown  at 
A,  with  the  pinion  B  working  into  segments  (m  the  loaded  side  of  the  wheel. 
In  this  coaistraction  it  will  be  observed  that,  so  long  as  the  chains  were 
unyielding  and  retained  sufficient  tension  to  prevent  tiLe  rim  separating  at 
the  joints,  the  wheel  woold  move ;  and  in  order  to  prevent  the  chains  warping 
round  the  shaft,  the  motion  was  taken  from  the  water  or  loaded  side  of  the 
wheel,  by  the  pinion  B  working  into  the  segments  of  the  shrouds ;  this  arrange- 
ment removed  the  torsion  and  the  load  from  the  sale,  and  placed  the  weight 
upon  the  teeth  of  the  pinion,  where  it  was  required  to  turn  the  mill.  This 
principle  of  construction  is  admirably  adapted  for  the  transmission  of  power 
from  water-wheels,  and  is  as  true  in  theory  as  it  is  sound  in  practice ;  but 
the  chains,  according  to  report,  acted  very  imperfectly;  thus,  when  starting 
one  morning,  the  axle  obstinately,  resisted  all  efforts  on  the  part  of  the  ch  ains 
to  put  it  in  motion,  and  the 
result  was  the  winding  of 
the  arms  and  braces  round 
the  shaft,  and  hence  the 
partial  destruction  of  the 
wheel.  Mr.  Hewes,  how- 
ever, remedied  this  defect 
by  substituting  (we  be- 
lieve at  the  instance  of 
Mr.  Strutt  of  Belper,  the 
father  of  the  present  Lord 
Belper)  round  iron  bars 
for  the  chains,  which  ef- 
fectually met  the  evil,  and 
introduced  a  new  system 
of  construction,  which  has 
held  its  ground  up  to  the 
present  time. 

The  arms  of  the  water- 
wheels  constructed  by  Mr* 
Fig.  IS.  Hewes  were  fastened  with 
screws  at  each  end  of  the  axle  to  the  flange  of  the  centre  (Fig.  18) ;  but  as 
these  were  liable  to  work  loose,  Mr.  Fairbaim  introduced  the  gibb  and  cotter 
system  (Fig.  18*),  inserting  the  arms  and  braces  in  sockets,  which  stiffens 
the  beams,  and  retains  them  more  effectually  in  position.  This  arrangement 
Is  a  great  improvement  on  the  screws  and  nuts,  as  the  gibbs  and  cotters  are 
lees  Kable  to  get  loose,  prevent  vibration,  and  retain  the  arms  and  braces  in 
a  mnfonn  state  of  tension. 

Up  to  the  year  1810,  water-wheels  were  composed  partly  of  wood  and 


Fig.  18.* 
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partly  of  iron;  and  the  late  Mr.  Rennie  and  Mr.  Hewes  were  the  first  to 
make  them  entirely  of  iron ;  the  axles,  centres,  and  shrouds  being  oomposed 
of  cast,  and  the  arms,  buckets,  and  sole  of  wrought-iron. 

The  next  important  improvement  in  water-wheels  was  the  introduction,  in 
1827,  of  Mr.  Fairbaim*s  ventilated  buckets ;  but  as  these  improvements  do 
not  involve  the  question  of  the  application  of  iron,  we  must  refer  the  reader 
to  the  Transactions  of  the  Institution  of  Civil  Engineers  for  a  description  of 
this  improvement. 

It  will  not  be  necessary  to  extend  this  part  of  the  subject  farther ;  but  we 
conclude  with  an  example  of  four  wrought-iron  water-wheels,  designed  for 
Messrs.  James  Finlay  &  Co.,  at  their  works  at  Catrine,  Ayrshire,  in  1826-7. 


Fig.  l4.~£leTation. 

Figs.  14  and  15  show  the  arrangement  of  the  different  parts  of  these  wheels, 
which,  for  power  and  dimensions,  are  probably  the  largest  and  most  impor 
tant  hydraulic  machines  in  Europe.  The  masonry,  millwork,  &c.,  were  pre- 
pared  for  four  wheels,  but  two  only  were  erected.   Each  wheel  is  fifty  feet  in 
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diameter  and  twelve  feet  in  width.  The  water,  W,  flows  upon  them  at  a  height 
of  forty-eight  feet;  and  after  having  passed  through  the  backets,  is  discharged 
into  a  tnnnel  of  eighteen  to  twenty  feet  wide,  which  passes  under  the  wheels, 
and  is  ultimately  discharged  into  the  river  Ayr,  at  a  distance  of  a  quarter  of 
a  mile  below  the  mills.  The  wheels  are  mounted  upon  massive  stone  plat- 
forms, A  A,  at  a  height  of  forty  feet  above  the  spectator,  who  experiences  a 
dizzy  sensation  as  the  eye  follows  their  gigantic  forms  revolving  roimd  their 
respective  centres. 

The  power  from  these  wheels,  it  will  be  observed,  is  given  off  to  two 
pinions,  B  B,  on  a  connecting-shaft,  and  from  this  again  to  the  large 


Fig.  IS.-Plan. 

spur-wheels,  E  E,  L  L,  by  which  it  is  conveyed  to  the  horizontal  shafts  M  M 
and  N  N,  and  by  these  again  direct  to  the  mills,  which  stand  at  right  angles 
to  each  other  on  two  sides  of  the  wheel-house ;  at  I  is  seen  part  of  the  sheet- 
iron  pen- trough  which  conveys  the  water  to  the  wheels.  These  wheels,  from 
their  immense  size,  great  strength  and  power  (the  two  already  erected  being 
of  240  horse-power),  are,  as  works  of  art,  probably  as  good  examples  of  the 
application  of  iron  to  water-wheels  as  are  to  be  found  in  this  or  any  other 
countiy. 


Digitized  by  VjOOQ IC 


410 


APPLICATION  OF  IRON  TO  ABOHITEOTUBJi. 


CHAPTER  XXI. 

ON  THE  APPLICATION  07  CABT  AND  \7R0nOHT-IB0N  TO  ABCHtTKCTUBS   ANl> 

BTJILDINO. 


SECTION  I.— ON  BEAMS. 

Abchitects  are  slow  to  introduce  new  materials  of  construction ;  and  it  was 
with  some  difficulty  that  those  prejudices  which  prevented  the  use  of  iron 
and  stone,  or  iron  and  hrick,  in  comhination,  were  overcome,  notwithstand- 
iag  their  manifest  advantages  over  the  imperfect  materials  of  our  hitherto 
dangerous  and  perishahle  constructions.  The  puhlic  buildings  of  ancient 
Greece  and  Home  were  erected  on  sounder  principles  and  of  much  greater 
solidity  than  those  of  the  present  day ;  and  the  remains  of  the  huHdings  of 
the  middle  ages  are  not  without  their  lessons  in  the  art  of  construction.  In 
all  these  edifices,  and  also  in  the  dwelling-houses  of  the  Greeks  and  Bomans, 
the  greatest  care  was  taken  to  ensure  security  and  strength.  Their  buildings 
were  often  constructed  with  fire-proof  arches ;  and  the  floors  of  many  of 
the  Italian  houses  of  the  present  day  are  efifectualLy  secured  against  fire. 
The  French,  also,  and  many  of  the  German  architects,  have  adopted  the  fire- 
proof system;  and  it  reflects  unfiavourably  on  the  skill  and  enterprise  of 
those  of  this  country — ^where  iron  is  so  cheap — ^that  they  have  not  availed 
themselves  of  the  great  security  it  afibrds.  This  is  mudi  to  i>e  lamented ; 
and  in  order  to  show  how  much  we  are  behind  other  nations  in  this  respect, 
we  shall  take  in  review  some  of  the  most  prominent  cases  in  which  iron  has 
been  successfully  employed  in  the  constructive  sad  architectural  arts. 

Oast-bon  Beama,—- Smeaton  was  one  of  the  fiist  to  combat  the  prejudices 
against  the  employment  of  iron.  He  says,  speaking  of  cast-iron  constructions, 
"  In  the  year  1755,  for  the  first  time  I  appUed  them  as  totally  new  subjects ; 
and  the  cry  then  was,  that  if  the  strongest  timbers  are  not  able  for  any  great 
length  of  time  to  resist  the  action  of  the  powers,  what  must  happen  firom  the 
brittleness  of  cast-iron  ?  It  is  sufficient  to  say  that  those  very  pieces  of  castr 
iron  not  only  are  still  at  work,  but  that  the  good  efliect  has, 
in  the  north  of  England,  where  first  applied,  drawn  iron 
into  common  use;  and  I  never  heard  of  one  failing." 
Such  were  the  views  of  one  of  our  most  distingniBhed 
engineers  eighty  years  ago ;  but  such  has  been  the  slow- 
ness of  its  application,  that  we  hear  no  more  of  cast-iron 
as  a  building  material  until  the  year  1801,  when  Messrs. 
Phillips  and  Lee,  of  Manchester,  built  a  fire-proof  miQ. 
The  designs  for  the  columns  and  beams  were  executed  by 
Messrs.  Boulton  and  Watt.  The  annexed  figure  (Fig.  16) 
exhibits  the  section  of  the  beams,  through  the  middle  at  the  deepest  point. 


Pig.  16.— Wbole  ar«a 
19-06  ta.:    ' 
flange  4*09. 
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This  beam  was  the  first  of  the  kind  made;  and  considering  the  state  of  our 
knowledge  at  that  tune,  it  reflects  great  credit  upon  the  skill  of  the  designer. 
If  we  apply  Mr.  Hodgkinson's  rule  to  it,  in  the  absence  of  experiment,  we 
shaU  find  that  it  approximates  with  tolerable  correctness  to  the  true  prin- 
c^le,  BO  as  to  secure  the  maximum  of  strength  with  a  given  quantity  of 
material 

If  we  take  the  area  of  the  bottom  flange  to  be  406  inches,  the  depth  of 
the  beam  in  the  middle  18^  inches,  and  the  distance  between  the  supports 
14  liset,  then,  by  foimula,  36  being  the  constant,  we  have 
^^26X4  06X13-25^3.3^^ 


168 

=  the  breaking-weight  in  the  middle.  But  assuming  that  the  same 
quantity  of  metal  was  run  into  the  form  of  the  greatest  strength,  we 
shall  then  have  an  area  for  the  bottom  flange  of  Tb  inches,  which 
gives — 


1 


Fig.  IS.-Flan. 
140  feet  long  and  42  feet  wide,  and  seven  stories  high, 
648  yards  on  each  floor;  and  the  iron 
beams,  which  extend  across  the  building 
from  wall  to  wall,  at  regular  distances  of 
nine  feet,  are  divided  into  three  lengths 
(A,  B  and  C),  as  shown  on  the  plan  and 
section  (Figs.  18  and  19). 

The  following  woodcut  (Fig.  20)  ex- 
hibits a  longitudinal  section  of  portions 
of  the  basement  and  first  stories  of  the 
mill,  with  sections  of  the  iron  beams  and 
arches.  The  arches  E  E  £  are  nine  inches 
in  depth  at  the  springing,  seven  and  a 
quarter  at  a  short  distance  on  each  side, 
and  half  a  brick,  or  fbur  inches  and  a 
half,  in  the  middle. 


Fig.  17. 

tl^^  is,  a  breaking-weight  nearly 
double  that  of  the  original  beam. 
It  is  probable,  however,  that 
Messrs.  Boulton  and  Watt's 
beam  would  carry  upwards  of 
ten  tons,  owing  to  the  greatly 
increased  thickness  of  the  verti- 
cal  part  of  the  beam,  which,  it 
will  be  observed,  is  nearly  double 
that  of  a  beam  of  maximum 
strength. 

Messrs.   Phillips  and  Lee*s 
nnill  is  a  large  building  of  about 
It  contains  about 


•  ti— - 


Fig.  19.-CroM  seotioa. 
Altogether  the  experiment— considering  the  oon- 
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Btmction  of  such  buildings  at  the  time — ^was  eminently  successfdl,  and  be- 
came the  pioneer  of  that  system 
of  fire-proof  Btructnres  which 
now  distLngnishes  the  manufac- 
turing districts  of  this  country. 
From  1801  tiU  1824httle  or 
no  Yariation  took  place  in  the 
form  of  cast-iron  beams;  and 
for  a  quarter  of  a  century 
Messrs.  Phillips  and  Lee's  mill  „ 

afforded  the  only  model  f6r  simi-  ^^-  ^o-i^tudinaiSectUm. 

lar  buildings.  In  1824-5  Mr.  Fairbaim  directed  his  attention  to  this  subject, 
and  both  increased  the  dimensions  of  the  lower  flange  and  reduced  the  thick- 
ness of  the  vertical  rib  (Fig.  21),  which  gave  considerable 
increased  strength  on  a  span  of  fourteen  feet 

It  was,  however,  reserved  for  Professor  Hodgkinson  to 
give  to  the  world  the  best  form  for  cast-iron  beams ;  and 
as  his  deductions  apply  to  every  description  of  beam  com- 
posed of  cast-iron,  it  wiR  be  necessary  to  show  how  he  dia- 
covered  it,  and  to  recommend  it  to  the  attention  of  the 
architect,  engineer,  and  buHder. 

Mr.  Hodgkioson  commenced  his  experiments  in  the 
year  1827,  and  continued  them  without  intermission  for  a 


Fig.  21. 


u-^ 


X' 


•:J^% 


long  series  of  years.  Mr.  Tredgold  published  about  the  same  time,  or  a  few 
years  previously,  some  experiments,  from  which  he  deduced 
a  cast-iron  beam  of  the  form  shown  in  Fig.  22.  This  beam 
was  considered  for  many  years  that  of  greatest  strength,  until 
the  experiments  which  follow  proved  it  to  be  disproportionate, 
as  regards  the  distribution  of  material,  and  hence  to  be 
comparatively  weak  when  compared  with  abeam  of  the  section 
of  greatest  sirength. 

In  order  to  show  the  difference,  and  point  out  the  section 
which  indicates  the  greatest  strength,  it  will  be  necessary  to 
give  some  of  the  most  interesting  of  the  experiments  of  Tred- 
gold, Fairbaim,  and  Hodgkinson,  as  follows : —  Fig.  ss. 

Experiment  1 . — ^Beam  with  equal  lib  at  top  and  bottom.  Distance  between 
supports,  4  feet  0  inches ;  depth  of  beam,  5^  inches. 

Dimensions  of  cross  section  at  place  of  fracture  in  inches  and  parts. 

Area  of  top  rib 1-76  X '42  = -735 

Area  of  bottom  rib 1-77  X  "39  = -690 

Thickness  of  vertical  part  between  ribs =:    '29 

Area  of  above  section =  2'82 

"Weieht  of  casting =36jlb8. 

I'lg.  23.  Breaking  weight  =  66/8 lbs.  =  69  cwt  70  lbs. 

The  form  of  fracture  is  represented  by  the  line  B  N  B  (I^.  24),  where 
T  B  =  -6  and  B  N  =  26,  the  figure  being  a  side  view  of  the  beam. 
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To  find  the  strength  per  sq.  in.  of  the  cross  section,  we  have,  dividing  the  break- 
y  ing  weight  by  thd  area, 

??^=:  2368  lbs.per  inch. 
2*o2 


jBMBiiiiWiilliMiiiiiiii' 


pj-  24.  "^  ^'^  quantity  in  each 

beam  may  be  taken  as 
an  index  of  its  strength,  we  shaQ  use  it  to  compare  the  strength  of  those 
beams  which  are  of  the  same  length  and  depth.  By  the  formula  obtained 
from  the  ezpeziments  on  the  proper  form  for  the  Menai  Bridge — 

W=^ 1 

/ 

where  A  is  pnt  for  the  area  of  the  section  of  the  material  in  square  inches, 
d  the  depth  in  linear  inches,  I  the  distance  between  the  points  of  support 
in  linear  inches,  and  0  a  constant,  determined  by  experiment  for  the  par- 
ticular form  of  the  tube.    Hence  we  find — 

c=S ' 

The  value  of  0,  determined  for  different  forms  of  beams,  gives  us  their 
comparative  strength. 

Now,  for  beams  of  the  same  length  and  depth,  we  have — 

c=j » 

that  is,  the  comparative  strength  of  beams  of  this  description  is  found  by 
dividing  their  breaking-weight  by  their  sectional  area. 

Hence,  comparing  the  result  of  this  experiment  with  that  of  Experi- 
ment 2,  where  the  beam  bore  2584  lbs.  per  inch,  we  find  2584  —  2368  =  216 
=  defect ; 

21  f> 

.-.  loss  in  strength  =  rgg-:  =  -088,  or  l-12th  nearly,  in  parts  of  what  Mr. 

Fairbaim's  beam  bore. 

This  form  of  beam  is  essentially  what  Mr.  Tredgold  has  represented  to  be 
that  of  the  strongest  beam,  whilst  the  elasticity  is  perfect.  The  following 
experiments  wiU  sufficiently  show  that  this  is  not  strictly  true. 

Experiment  2. — ^Beam  cast  in  common  form  from  Messrs.  Fairbaim  and 
Ullie's  model. 

Distance  between  supports  and  depth  of  the  beam  as  before. 

Dimenmtu  ofaeetum  in  inches. 
Thickness  at      A=:   -32 

C=   -47 
FE  =  2-27 
DE=    '62 
Area  of  section      =  3*2 
Weight  of  casting  z=  40}  lbs. 
Deflection  with  5758  lbs.  =  '25  inches. 
„  „    71881bs.  =  -37     „ 

Breaking  weight  =  8270  lbs. 


Digiti 


ized  by  Google 


414  SXFERIMEMT8  ON  BEST  FOBM  FOB  BEAMS. 


The  beam  twisted  a  little  before  breaking;  this  was  not  mniallj  tha  case 
in  the  other  beams  from  the  same  model. 

Form  of  fracture  as  r  _ 

in  Fig.  26 :  TR  =  75.         ^.^^^ ' j^ 

Hence»  strengthper 

.    ,     .       ..  8270 

inch  of  section  =  -=-=-  «    «^ 

3-2  Fig.  26. 

=  2584  lbs. 

Experiment  S.— Distance  between  supports  and  depth  of  the  beam  as 

Dimensions  of  cross  section  in  inches. 

Area  of  top  rib  .        ...    =  2-33  X '31  =    '72 
Area  of  bottom  rib      ,    .    .    =  6  67  X '66  =  4'4 

Thickness  of  Tertical  part =   "286 

Area  of  section =6*4 

Weight  of  beam =711b8. 

^'  ^'  This  beam  broke  in  the  middle  by  compression  with 

26,084  lbs.,  or  11  tons  13  cwt.,  a  wedge  separating  from  its  upper  side.  The 
weights  were  laid  on  gradually,  and  the  beam  had  borne  wiflun  a  Ixttifi  of 
its  breaking-weight  a  considerable  time,  perhaps  half  an  hour.  TDna  form 
of  the  fracture  and  wedge  is  represented  in  Fig.  28,  showing  a  side  Tiew  of 
the  beam,  where  ENF  is  the  wedge,  EF =51  inches,  TN  =:  3*9  inches,  angle 
ENF  at  the  vertex  =  82\ 

It  is  extremely  probable,  from  this  fracture,  that  the  neutral  axis  wae  at 
N,  the  vertex  of  the  ,.    , 


wedge,  and  therefore  at        a        ■  t^^ 

three-fourths     of    the         I  *!_ 
depth   of    the    beam,   ""^^ 
since  39  inches  =  i        % 

X  5  J  inches  nearly.  Kff.  28. 

26064 

Hence,  strength  per  inch  of  section  =  ■g.^-=  4075  lbs.,  which  is  much 

greater  than  that  in  any  of  the  former  experiments. 

Experiment  4. — ^Beam  from  the  same  model  as  in  the  last  eiq^eriment 
Distance  between  supports  as  before.  It  broke  in  the  middle  of  the  beam  by 
tension,  with  23,249  lbs.,  or  10  tons  8cwt.  nearly. 

This  is  considerably  less  than  what  the  former  beam  bore,  though  its 

bottom  rib,  in  which  the  tensile  power  of  this  form  of  section  almost  wholly 

lies,  was  not  much  different.    The  iron  must  therefore  have  been  weaker. 

23249 
Strength  per  square  inch  of  section  =:    g,   =  3576  lbs. 

Adopting  Mr.  Hodgkinson's  calculations  in  the  following  table,  we 
have  the  value  of  the  different  sections  of  beams  experimented  on  by 
Tredgold,  Fairbaim,  and  Hodgkinson,  as  the  numbers  236,  288,  and  882 ; 
or,  taking  Mr.  Hodgldnson's  section  of  greatest  strength  as  unity,  the  ratios 
will  stand — 
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For  Hodgldnson  and  Fairbaim  as  1  :  '754 
For  HodgkinBon  and  Tredgold  as  1  :  '610 
For  Fairbaim  and  Tredgold  as         1  :  '820 

These  nnnbers  appear  to  give  tiie  relatiye  strength  of  the  different  beams, 
and  no  doubt  they  had  the  strongeet  sections  of  all  beams  in  nse  at  the  xe- 
speetiYe  dates.  It  is  to  be  regretted  that  we  are  not  in  possession  of  any 
eonqMuntiTe  eiqperiments  on  the  beam  of  Boulton  and  Watt's  section.  By  a 
simple  calculation,  however,  we  find  the  ratio  of  strength  to  be  as  1  :  *64d; 
that  is  to  say,  the  resisting  power  of  one  of  these  beams,  was  little  more  than 
one-half  that  of  Mr.  Hodgkinson's  strongest  section. 

T<M4  of  Estulti  indicated  by  Tredgold,  Fairbaim,  and  Hodgkineon's  beame. 


86i 


ft.  ins. 


4      6 


40» 
38 

Mean 


4     6 
4     6 


4     6 


III 


2-82 


8-20 
2-98 


813 


•48 

•63 


•53 


6678 


8270 
9503 


8886 


2368 


2584 
8188 


Tredgold'fl  aeotion  of 
equal  flanges  top  and 
bottom. 


Fiff.n. 


Fairbaim'a  aeotion  of 
1825,  with  a  single 
flangB. 


71 
74} 

Mean 


6-4 
6-5 


•56 
•50 


4     6 


6-45 


•53 


26084 
23249 

24666 


4075 
3576 


3825 


Hodgkinaon'a  aeotion 
of  ffreateat  etrengUi, 
witn  area  of  fbi^ee 
aaetol. 


Fig.  81. 


The  increased  demand  for  fire-proof  bnildings,  taken  in  connection  with 
the  attainment  of  the  strongest  section  for  ca8^iron  beams,  gave  a  renewed 
impulse  to  their  application  in  every  direction.  The  beams  of  the  form  intro- 
duced by  Messrs.  Fairbaim  and  Lillie  with  the  single  flange,  and  those  by 
Tredgold  with  eqaal  flanges,  were  discarded,  in  order  to  make  way  for  those 
of  the  improved  section ;  and  the  confidence  of  engineers  in  the  secmity  of 
iron  beams  was  so  much  strengthened,  that  the  span,  or  the  distance  between 
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the  supporting  columns  of  fireproof  buildings,  was  increased  from  14  to  20 
feet  This  power  of  enlargement  occurred  most  opportunely,  as  the  amplifi- 
cation, or  rather  the  longitudinal  extension,  of  some  of  the  principal 
machinery  in  cotton  mills  at  that  particular  period,  necessitated  a  consider- 
able increase  in  the  width  of  the  mills.  Such,  moreover,  was  the  confidence 
inspired  by  this  improved  section,  that  buildings  have  been  constructed  from 
siz  to  seven  stories  in  height,  and  62  feet  wide,  with  only  one  row  of  piUars 
down  the  centre  of  each  room,  and  two  beams  across,  each  26  feet  spaa 
between  the  centre  columns  and  the  walls  on  each  side. 

In  the  construction  of  the  floors  of  warehouses  which  have  to  support 
heavy  weights,  this  section  of  beam  (when  made  sufficiently  strong)  has 
been  found  perfectly  secure ;  and  in  bridges  also,  where  the  span  does  not 
exceed  60  feet,  it  may  be  used  with  perfect  safety,  if  proper  precautions  are 
taken  to  insure  sound  and  perfect  castings. 

On  one  occasion,  and  we  believe  only  one,  a  girder  bridge  has  been  erected 
with  beams  76  feet  span  all  in  one  casting.  They  were  made  in  this  country 
for  Messrs.  John  Dixon  and  Co.,  of  Amsterdam,  and  were  erected  by  those 
gentlemen  on  some  part  of  the  Haarlem  railway. 

Notwithstanding  the  increased  security  which  has  been  gained  by  these 
improvements  in  the  form  of  cast  iron  beams,  their  use  is  nevertheless 
attended  with  danger  when  either  the  design  or  construction  is  confided  to 
the  hands  of  ignorant  persons ;  and  the  numerous  and  fSeital  accidents  which 
have  occurred  at  various  times,  and  which  have  very  naturally  craated  in 
the  public  mind  serious  apprehension  as  to  their  security,  have  almost  in- 
variably been  traced  to  this  cause.  On  more  than  one  occasion,  as  many  as 
from  fifteen  to  twenfy  lives  have  been  lost  by  the  £Edlure  of  cast>iron  beams 
in  factories  and  buildings  where  numbers  of  people  were  congregated ;  and 
the  aggregate  loss  of  life  and  property  from  this  cause  has  been  very  serious. 
One  of  the  most  alarming  accidents  of  this  kind  happened  at  Oldham,  on  the 
81  st  of  October,  1844,  arising  from  the  breaking  of  one  of  the  beams  of 
a  cotton  fBLCtory,  In  this  case  upwards  of  twenty  persons  were  buried  in  the 
rains. 

Among  many  other  catastrophes  of .  the  same  nature,  may  also  be 
instanced  that  at  Mr.  Nathan  Gough's  mill  at  Salford,  in  1828,  where  the 
beams  were  of  a  similar  construction  to  those  used  in  the  building  of  the  jail 
at  Northfleet ;  and  the  more  recent  one  at  Mr.  Gray's  mill  in  Manchester,  in 
1845,  a  description  of  which  was  given  in  tihe  same  year  to  the  luBtitution  of 
Civil  Engineers. 

Oomponnd  ox  Trussed  Iron  Beams  or  Girders. — ^These  combinations 
are  very  objectionable,  and  should  on  no  account  be  resorted  to  but  in  cases 
of  great  necessity.  If  we  take  a  cast-iron  beam  of  the  section  of  greatest 
strength,  and  endeavour,  by  means  of  truss-rods  similar  to  AB  0  in  Fig.  32, 
to  increase  its  powers  of  resistance,  we  shall  find  that,  under  certain  circum- 
stances, they  introduce  an  antagonistic  force,  which  has  an  injurious  influ- 
ence ;  or  that,  in  other  words,  the  beam  would  be  safer  without  the  truss- 
rods  than  with  them.' 
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To  some  this  may  appear  paradoxical ;  but,  in  order  to  ascertain  how  far 
the  statement  is  entitled  to  credit,  let  ns  assume  the  flange  a,  Fig.  32,  to 


be  one-sixth  of  the  area  of  the  flange  b ;  and,  under  the  impression  of  still 
further  adding  to  its  strength,  let  us  suppose  that  two  truss-rods  AB,  BC, 
are  applied,  one  on  each  side  of  the  beam,  to  assist  in  supporting  the 
weight  W. 

Experimentalists  haying  found  that  wrought-iron  possesses  great  powers 
of  resistance  to  extension,  it  became  a  matter  of  inquiry  how  far,  aud 
under  what  circumstances,  cast  iron  and  wrought-iron  might  be  employed  in 
the  construction  of  beams,  so  as  to  embrace  the  advantages  arising  from 
these  peculiar  properties  of  the  two  materials.  This  inquiry  gave  rise  to  the 
construction  of  truss-beams,  where  wrought-iron  is  sol^y  employed  to  give 
strength  to  the  bottom  part  of  the  beams  by  its  tensile  resistance ;  while  the 
cast-iron  in  the  top  part  of  the  beams  is  solely  employed  to  resist  the  force 
of  compression.  Now,  if  a  truss-beam  could  be  constructed  so  that  the  two 
materials  might  be  brought  to  act  in  perfect  concert  with  each  other,  this 
contrivance  would,  no  doubt,  efiect  a  considerable  economy  of  material ;  but 
we  shall  hereafter  show  that  this  is  impracticable. 

In  a  perfect  truss-beam  (supposing  it  possible  to  have  such  a  thing),  the 
cast  metal  should  be  upon  the  point  of  rupture  by  compression,  at  the  same 
moment  that  the  truss-rods  are  about  to  yield  to  extension.  If  too  great  a 
tension  is  given  to  the  rods,  they  will  break  before  the  beam  has  arrived  at 
the  condition  of  rupture ;  on  the  contrary,  if  too  small  a  tension  is  given  to 
them,  the  beam  will  break  before  tiiey  have  arrived  at  their  condition  of 
rupture.  In  the  absence  of  exact  data,  we  should  say  that,  in  order  to  avoid 
danger,  the  tension  of  the  truss-rods  had  better  be  too  low  than  too  high ; 
for,  in  the  former  case,  they  would  yield  up  a  portion  of  their  tensile  resist- 
ance, and  then  leave  the  remaining  portion  to  be  borne  by  the  beam  itself. 
An  experimental  trial  showed  the  difficulty  of  adjusting  the  tension  of  the 
truss-rods,  as  in  this  case  they  were  the  first  to  yield  to  extension,  and  caused 
the  beam  to  break  with  a  weight  which  it  would  have  nearly  sustained  by 
its  own  resisting  powers.  In  order  to  discover  the  best  tension  for  the  truss- 
rods,  it  is  necessary  that  we  should  consider  more  minutely  the  distinctive 
properties  of  the  two  metals  composing  a  truss-beam. 

The  two  kinds  of  material  are  very  diflerent,  both  in  their  physical  and 
mechanical  properties.    Cast-iron  is  a  hard,  rigid,  crystalline,  xmmalleable 
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substance,  which  presents  great  resistance  to  a  force  of  compression,  but 
comparatiTelj  a  smaJl  resistance  to  that  of  extension;  and,  £rom  its  low 
degree  of  ductility,  it  undergoes  hut  little  elongation  when  acted  upon  bj 
tensile  force.  On  the  contrary,  wrought-iron  is  a  flexible,  malleable,  ductile 
substance,  which  presents  a  great  resistance  to  a  force  of  extension,  but  a 
somewhat  less  resistance  to  that  of  compression ;  from  its  high  ductility  it 
undergoes  a  considerable  elongation,  when  acted  upon  by  a  tensile  force. 
When  the  two  metals  are  released  £rom  the  action  of  a  tensOe  force,  the 
set  of  the  one  metal  differs  widely  from  that  of  the  other.  The  flexibility  of 
wrought  iron  is  from  eight  to  ten  times  greater  than  that  of  cast-iron. 
Under  the  same  increase  of  temperature,  the  expansion  of  wrou^tiron  is 
considerably  greater  than  that  of  cast  iron ;  and  while  wrought-iron  yields 
to  a  stroke,  cast-iron  is  readily  broken  by  a  severe  collision,  or  by  any 
Tiolent  -vibratozy  action. 

The  following  tabular  generalizations  of  an  extensxve  series  of  experi- 
ments will  give  an  exact  comparative  view  of  these  properties  of  cast  and 
wrought  iron : — 

Table  I. — Mean  elongations  hy  tensile  forces  mthin  the  limits  requisite  to 
rupture  cast-iron,  namely,  about  7\  tons  per  square  inch  of  the  transverse 
section. 


Name  of  the 
metal. 

Mean  elongation,  the  force 
being  1  ton  per  sq.  in. 

Proportion  of 
elongation. 

Seta  with  7  tons 
per  sq.  in. 

Caat-iron    .    .    . 
Wrought-iron.    . 

/  tA^  part  of  the  whole  \ 
\     length  of  the  bar.    . 
/  TTl7n>  part  of  the  whole 
\     length  of  the  bar.     ./ 

2i:l 

/I   of  tiie  whole 

tH  of  the  whole 
\     elongation. 

From  this  table  it  appears  that,  for  forces  of  extension  below  7  J  tons  per 
square  inch,  the  mean  elongation  of  castiron  is  about  2|  times  that  of 
wrought-iron.  When  the  castiron  is  about  to  undergo  rupture,  its  ultimate 
extension  is  about  three  times  that  of  wroughtiron.  Moreover,  the  set 
of  the  castiron  within  this  limit  is  considerably  greater  than  that  of  the 
wrou^t-iron. 

Table  II. — Mean  elongations  and  sets,  tvith  tensile  forces  equal  to  two-tkirdt 
of  the  forces  requisite  to  produce  rupture  in  each  case  respectively. 


Kameofthe 
metaL 

Foroeper 

square  inch 

in  tons. 

Elongation  on 
10  feet  of  the 
bar,  in  inches. 

Pruportiona 

of 
elongations. 

Set. 

Propor- 

tlona 

of  sets. 

Proportion 

of  seta  to 

elongations. 

Castiron  .    . 
Wrought-iron 

6 
15 

•114 
•276 

}   l:2f 

/  013  \ 
\  183  / 

1:  10 

n 

From  this  table  it  appears  that,  when  the  parts  of  a  truss-beam  are  duly 
loaded,  the  conditions  are  reversed ;  that  is  to  say,  the  elongation  of  the 
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TVTOuglit-iroii  becomeB  2f  times  that  of  the  castiron,  and  the  set  of  the 
former  becomes  ten  times  that  of  the  latter. 

Tabub  m. — Mean  values  of  the  tensile  forees  requisite  for  producing  equal 
elongations  in  easP-itvn  and  wrought-iron  bars  10  feet  long,  with  the  cor- 
responding  sets. 


tions  on  10  feet 
in  inches. 

Cast-iron. 

Force  per  square 

inch  in  tons. 

Wrought-iron. 

Force  per  square 

inch  in  tons. 

Oast- iron. 
Bet  in  inches. 

Wrought-iron. 
Set  in  inches. 

•006 

•024 

•04 

•05 

•062 

•087 

•129 

•145 

•26 
Ml 
2 

2-5 
3 
4 

6-5 
5-9 

•66 
2-6 
4-6 
6-6 
6-76 
9 

12-4 
13-26 

•0012 

•0031 

•0043 

•0056 

-009 

•0159 

•019 

Not  perceptible. 
•0005 
•0007 
•0009 
•0027 
•014 
•043 

This  table  establishes  the  following  remarkable  law,  relative  to  the  forces 
requisite  for  prodncing  equal  elongations  in  cast-iron  and  wrought-iron  bars : — 
Within  the  limit  of  6  tons  tensile  strain  far  oast-iron  and  13^  tons  for  unrought- 
iron,  the  tensile  force  applied  to  wrought-iron  must  he  2^  times  the  tensile  force 
applied  to  cast-iron,  in  order  to  produce  equal  elongations. 

This  result  is  consistent  with  that  of  Table  L,  where  the  elongation  of 
castiron,  for  equal  increments  of  force,  is  shown  to  be  2^  times  that  of 
^vroughtiron.  The  elongations  in  this  table  may  be  approximately  derived 
from  Table  I. 

Further,  with  a  force  of  about  5^  tons  applied  to  cast-iron,  and  12^  tons 
to  wrought-iron,  the  sets,  as  well  as  the  elongations,  are  nearly  equal  to  each 
other.  Now,  if  these  forces  had  been  duly  apportioned  to  each  other,  this 
circumstance  would  have  given  ns  an  eligible  principle  for  adjusting  the 
tension  of  the  iron  rods  in  a  truss-beam :  but,  unfortunately,  this  strain  upon 
the  cast-iron  is  too  near  the  strain  requisite  for  producing  rupture,  while  that 
upon  the  wrought-iron  is  only  about  one-half  its  greatest  tensile  resistance. 
For  forces  below  5^  and  12^  tons,  the  set  of  the  cast-iron  is  greater  than  that 
of  the  wrought-iron;  and  for  forces  above  h\  and  12^  tons,  the  reverse  takes 
place. 

Table  IV. — Ultimate  elongatUms — the  cast-iron  being  loaded  with  7^  tons  per 
square  inch,  and  wrought-iron  with  24  tons  per  square  inch. 


Name  of  metal. 

Total  ultimate  elongation  in 
parts  of  the  length  of  the  bar. 

Ultimate  elongation  per  ton  in 
parts  of  the  length  of  the  bar. 

Cast-iron    ,    .    . 
Wrought-iron      . 

■gl^,  or  *22  in.  on  10  ft. 
A»  or  6-7  in.  on  10  ft. 
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Hence  it  follows,  that  the  ultimate  elongation  of  wrought  iron  per  ton  on 
each  square  inch  is  about  eight  times  that  of  cast  iron,  and  the  total  ultimate 
elongation  of  wrought-iron  is  about  twenty-six  times  that  of  cast-iron. 

If  we  take  the  results  of  Mr.  Loyd  s  experiments,'''-  where  the  ayerage 
breaMng'Weight  was  32  tons  per  square  inch,  we  shall  find  that  the  total 
ultimate  elongation  of  wrought-iron  is  about  130  times  that  of  cast-iron. 

Table  V. — Permanent  $et  of  bars,  expressed  in  parts  of  their  elongation. 


Weights  in  tons 
per  square  inch. 

Cast-iron. 
Set  in  parts  of  the  elongation. 

Wrought-iron, 
Set  in  parts  of  the  elongation. 

2 
3 
6 
7 

IQ 
15 
20 

f 

* 

(  Scarcely 
\  percentible. 
Ttiy 

t 

Here  it  will  be  seen  that,  for  weights  below  7^  tons,  the  set  of  cast-iron  is 
incomparably  greater  than  that  of  wrought-iron ;  on  the  contrary,  for  weights 
above  15  tons,  the  set  of  wrought-iron  is  considerably  greater  than  the  maxi- 
mum set  of  cast  iron. 

Table  "VI. — Mean  elongation  of  east-iron  and  wrought-iron  bars,  10  feet  hng^ 
by  an  increase  ofQ(f  of  temperature. 


Length  of  bar 
10  feet. 

Elongation  due  to 
90°  increase  of  temperature. 

Difference  of  the 
elongations  in  10  feet. 

Cast-iron    .     .     . 
Wrought-iron      . 

•0666  inches  \ 
•0733     „     ] 

•0067  inches. 

Comparing  the  results  of  this  table  with  those  of  Table  I.,  we  find  that 
the  elongation  of  wrought-iron,  by  an  increase  of  90"*  of  temperature,  is 
equiyalent  to  the  action  of  a  tensile  force  of  7'4  tons  per  square  inch ;  and 
that  of  cast-iron  to  a  force  of  3  tons  per  square  inch.  Moreover,  the  differ- 
ence of  the  elongations  is  equivalent  to  the  action  of  a  tensile  force  of  f  ton 
per  square  inch.  It  is  also  worthy  of  remark,  that,  while  making  experiments 
relative  to  the  elongations  of  metals  when  acted  upon  by  tensile  forces,  we 
should  carefully  observe  that  the  temperature  remains  nearly  the  same. 

From  a  careful  induction  of  the  facts  contained  in  these  Tables,  let  us 
endeavour  to  determine  the  best  adjustment  of  the  tension  of  the  truss-rods. 

FiBST,  let  us  consider  the  case  when  the  truss-rods  have  no  strain  upon 
them,  at  the  time  the  beam  is  unloaded. 

Suppose  the  beam  to  be  loaded  so  as  to  produce  a  tensile  sixain  upon  the 

•  flee  the  Experimental  Tnqniry  into  the  Strength  of  Wronght-iron  Plates,  &c.,  by  W.  Fair- 
bairn,  published  In  the  Transactiont  of  the  Boyal  Society  for  ISdO. 
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cast>iron  equal  to  one-third  its  breaking-load ;  that  is  to  say,  let  the  force  of 
elongation  be  2^  tons  per  square  inch  upon  the  cast  metal.  Then,  from 
Table  HE.,  we  find  that  the  strain  upon  the  truss-rods  will  be  about  5^  tons 
per  square  inch;  and  that  the  set  of  the  cast  iron,  after  these  strains  are 
taken  off,  will  be  six  times  that  of  the  wrought-iron.  Now,  in  this  case,  while 
the  cast-iron  is  strained  to  only  about  one-third  its  breaking-weight,  the 
wrought-iron  is  strained  to  only  about  one-fifth  its  ultimate  strength ;  and, 
further,  when  the  load  is  taken  off,  the  cast-iron  beam  will  remain  much  more 
elongated  than  the  iron  rods,  which  will,  to  a  certain  extent,  destroy  their 
original  adjustment  of  tension.  But  this,  in  the  present  case,  will  not  act 
imfiEivourably;  for  it  will  tend  to  give  a  certain  amount  of  tension  to  the 
truss- rods,  considering  the  length  of  eacli  truss-rod  to  be  one-half  the  length 
of  the  beam — ^a  supposition  which  obviously  involves  no  appreciable  amount 
of  error. 

Suppose  the  beam  loaded  so  as  to  produce  a  tensile  strain  upon  the  cast- 
iron  equal  to  bi  tons  per  square  inch ;  then,  in  order  to  produce  an  equal 
elongation  of  the  truss-rods,  the  strain  upon  them  must  be  21  times  5^  tons, 
or  12^  tons  nearly.  Here,  while  the  cast-iron  is  strained  to  more  than  two- 
thirds  its  ultimate  resistance,  the  wrought-iron  is  only  strained  to  about  one- 
half  its  ultimate  resistance.  Que  fiavourable  circumstance  connected  with 
this  load  is,  that  the  sets  of  the  two  metals  are  very  nearly  the  same. 

Suppose  the  beam  loaded  so  as  to  produce  a  tensile  strain  of  15  tons  per 
square  inch  on  the  truss-rods;  then,  by  Table  11.,  this  will  produce  an 
elongation  of  dhrth  part  of  the  length  of  the  rod;  but,  by  Table  IV.,  the 
ultimate  elongation  of  cast-iron  is  rivtii  part  of  its  length:  therefore  the 
cast-iron  would  be  ruptured  by  extension,  some  time  before  the  truss-rods 
could  arrive  at  a  strain  of  15  tons  per  square  inch ;  that  is,  before  they  could 
be  strained  to  two-thirds  of  their  ultimate  strength. 

This  adjustment  is  defective ;  the  truss-rods  must  obviously  have  a  certain 
amount  of  tension  before  the  load  is  laid  on,  in  order  to  bring  them  into  a 
higher  condition  of  action,  and  to  coimteract  the  set  of  the  cast  metal. 

Second  :  Suppose  the  truss-rods  to  be  screwed  up  so  as  to  give  them  a 
tension  of  8  tons  per  square  inch,  or  one  third  their  breaking  tension;  and, 
for  the  sake  of  simplicity,  let  us  suppose  that  the  half-length  of  the  beam  is 
10  feet.  This  high  tension  of  the  truss-rods,  it  should  be  observed,  will 
produce  a  dangerous  action  upon  the  cast  metal. 

Suppose  the  beam  to  be  loaded  so  as  to  produce  a  tensile  strain  of  7^ 
tons  per  square  inch  upon  the  cast  metal.  Now,  by  Table  IV.,  this  would  give 
an  elongation  of  '22  inches;  but  the  truss  had  an  elongation  of  '077  inches 
due  to  the  strain  of  8  tons  when  the  beam  was  in  a  neutral  condition ;  there- 
fore the  total  elongation  of  the  truss-rod  will  be  '22  +  *077,  or  '207  inches; 
but  from  Table  II.  we  find  this  elongation  to  correspond  to  about  16  tons  per 
square  inch  tensile  force  upon  the  rods.  Thus  it  appears  that  even  with  the 
dangerous  tension  of  8  tons  per  square  inch  on  the  truss-rods,  we  cannot  pro- 
duce a  higher  strain  than  16  tons  upon  them  at  the  moment  when  the  cast- 
iron  is  about  to  rupture. 
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Keasoning  in  this  manner,  it  may  be  shown  that  it  is  impossible  to  con- 
struct a  tmss-beam  which  shall  task  the  high  tensile  resistance  of  wronght- 
iron,  without,  at  the  same  time,  introducing  a  dangerous  action  upon  the  cast 
metal.  We  have  shown,  in  Tables  II.  and  IV.,  that  for  high  proportional 
tensions  the  rate  of  elongation  of  wrought-iron  is  from  ten  to  twenty-six  times 
that  of  cast-iron :  hence  it  is  impossible  to  have  the  two  metals  acting  in  con- 
cert at  tensions  approaching  their  rupture. 

Since  little  is  gained  by  this  high  tension  in  point  of  ultimate  strength, 
and  much  is  lost  by  the  injury  done  to  the  beam,  we  must  reduce  this  tension 
in  order  to  arrive  at  the  best  form  of  the  truss-beam. 

Third  :  Let  us  endeavour  to  discover  the  tension  which  must  be  given  to 
the  truss-rods,  so  that  the  different  parts  of  the  truss-beam  may  be  respec- 
tively loaded,  at  the  same  moment,  with  one-third  their  respective  ultimate 
tensile  resistances,  viz.  2^  tons  per  square  inch  for  the  cast-iron,  and  8  tons 
per  square  inch  for  the  wrought-iron. 

Here,  by  law  of  Table  m.,  ihe  additional  force  tending  to  elongate  the 
iron  rods  per  square  inch  =  2}  X  2^  =  5|  tons.  Putting  <  =  the  tension  of 
the  rods  per  square  inch  at  the  moment  when  the  cast  metal  has  no  stndii 
upon  it,  we  have — 

t  +  5f  =  8; 
.'.  e  =  2f  tons  per  square  inch,  or  2i  tons  nearly. 

Suppose  the  beam  to  be  loaded  so  as  to  produce  a  tensile  strain  of  4  tons 
per  square  inch  of  the  cast  metal,  then  the  truss-rods  will  undergo  an  addi- 
tional strain  of  2^  times  4  tons,  or  9  tons  per  square  inch,  which,  added  to 
2i  tons,  will  give  11^  tons  for  the  whole  strain  per  square  inch  of  the  truss- 
rods  ;  so  that  the  two  materials  will  be  loaded  to  about  one-half  their  respec- 
tive breaking- weights ;  and,  moreover,  it  may  be  shown  from  Table  HE  that 
the  sets  of  the  two  metals,  after  the  load  is  taken  off,  will  be  nearly  the 
same. 

Hence  it  appears  that  the  most  eligible  adjustment  of  the  truss-rods  is  to 
give  them  a  tension  of  from  2  to  8  tons  per  square  inch. 

But  a  load  of  5^  tons  per  square  inch  on  the  cast  metal  would  tend  to 
destroy  the  adjustment ;  for  this  would  produce  a  strain  of  about  13^  tons 
per  square  inch  on  the  truss-rods ;  and  after  the  load  is  taken  off,  the  set  of 
the  wrought-iron  would  be  about  three  times  that  of  the  cast  metal.  It  may 
be  further  observed,  that  a  strain  of  less  than  15  tons  upon  the  wrought-iron 
would  rupture  the  cast  metal. 

An  ordinary  beam,  especially  when  the  material  is  wrought-iron,  may  be 
safely  loaded,  to  meet  contingencies  or  particular  exigencies,  within  two- 
thirds  of  its  breaking-load.  But  this  cannot  be  done  with  truss-beams ;  for, 
with  the  best  adjustment  of  the  trusses,  as  we  have  shown,  the  cast  metal 
will  be  upon  the  point  of  rupture  before  the  wrought-iron  has  attained  two- 
thirds  of  its  ultimate  resistance. 

Upon  the  whole,  it  appears  to  be  impracticable  to  attain  such  an  ad- 
justment of  the  parts  of  a  truss-beam  as  to  secure  the  safety  of  the  beam, 
with  a  due  regard  to  the  most  efficient  action  of  all  its  parts.    The  two 
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materials  are  so  different  in  their  physical,  as  well  as  in  their  mechanical, 
properties,  that  it  seems  impossible  to  construct  a  beam  with  them  where 
they  can,  under  all  ordinary  strains,  act  in  concert  with  each  other.  The 
effects  of  tmss-rods  on  the  different  descriptions  of  beams  are  noted  in  the 
following 

Summary  ofResuUs  of  Experiments, 


Sketch  of 
beam. 


Description  of  beam. 


Cast-iron  beam,  with  the  broad  flange! 
downwards i 


The  same  beam  in  the  same  position,' 
with  double  truss-rods  supporting  the 
middle 


Beam  reversed;  the  broad  flange  upper- 
most, without  truss  rods    .    .    . 


:t 


The  same  in  the  same  position,  with| 
broad  flange  supported  by  truss-rods  .  J 


Beam  with  double  truss  as  bef(»e,  broad  ^ 
flange  below .    .J 


The  same,  with   double  truss;  broad] 
flange  uppermost J 


Beam,  without  trass  rods;  broad  flange) 
uppermost ) 


The   same  beam,  broad  flange  down-] 
wards ] 


BreakiiLg- 
weight  in 


5880 
7483^ 

3360. 
12,316^ 

7433^ 
12,316 

8866^ 

68^0 


Batio  of 

8treiig;th  ia 

lbs. 


100  :  127 


100  :  883 


100  :  165 


100  :  173 


From  the  above  summary  we  may  draw  the  following  conclusions : — 1  st. 
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That  the  advantage  gained  by  truBS-rods  to  a  cast-iron  beam  of  the  strongest 
section,  and  phiced  in  the  best  position  for  resisting  a  transverse  strain,  is  as 
100  :  127,  being  rather  more  than  one-fourth  of  increase  in  strength.  2nd. 
That  the  simple  beam  reversed  with  the  small  flange  downwards  loses  above 
one-half  of  its  strength,  as  compared  with  the  same  beam  in  its  most  favour- 
able position,  with  the  large  flange  downwards,  or  as  100  :  173.  Again,  let 
the  beam  be  reversed  and  trussed,  with  the  small  flange  downwards,  and  its 
resisting  powers  are  increased  3^  times  in  strength  as  compared  with  the 
same  beam  in  the  same  position  without  the  trusses,  or  as  100  :  833.  Lastly, 
that  the  same  beam,  being  trussed  in  both  instances,  first  with  the  broad 
flange  downwards,  and  Aubsequently  with  the  broad  flange  upwards,  gains 
nearly  three-fourths  in  strength  in  the  latter  case ;  while  the  other  is  not 
materially  increased  beyond  that  of  the  simple  beam  entirely  free  from 
auxiliary  support. 

But  even  supposing  that  we  are  able  to  construct  a  truss-beam  with  all 
its  particular  parts  perfectly  ac^usted,  how  long  would  it  remaiu  so  ?  Be- 
sides the  disturbances  arising  from  unequal  elongations  and  sets,  sudden 
collisions,  changes  of  temperature,  and  other  causes,  would  tend  to  deslroy 
this  adjustment.  The  defect  of  a  truss  beam  consists  not  so  much,  perhaps, 
in  its  want  of  economy  as  regards  the  distribution  of  material,  as  in  its  want 
of  stability  and  safety.  Witidin  comparatively  small  limits  of  load,  a  truss- 
beam  may  pass  from  a  condition  of  perfect  security  and  safety  to  one  of 
uncertainty  and  danger. 

We  might  multiply  these  comparisons  to  a  much  greater  extent ;  but  we 
have  done  sufficient  to  prove  the  fact,  that,  under  the  most  favourable  circum- 
stances, there  is  not  much  gained  in  the  strength  of  cast-iron  beams  by 
the  addition  of  malleable  iron  truss-rods.  When  such  auxiliaries  become 
absolutely  necessary,  we  would  then  recommend  them  to  be  attached  to  beams, 
with  a  strong  flange  on  the  upper  side  to  resist  compression,  and  the  tension- 
rods  so  regulated  and  proportioned  in  strength  as  to  cause  them  to  act 
simultaneously  with  the  rigid  top  in  their  resistance  to  fracture.  What  is, 
however,  infinitely  preferable,  is  a  well-constructed  malleable  iron  beam, 
which  may  be  made  of  almost  any  given  strength,  and  of  any  span  within 
the  limits  of  500  to  1000  feet. 

Approximate  Rtdefor  Calculating  the  Strength  of  a  Truse-beam, 

In  order  to  calculate  the  strength  of  trussed  beams,  let  us  suppose  that 
the  tension  of  the  rods  is  such  as  to  cause  them  to  have  a  strain  of  8  tons  per 
square  inch,  at  the  same  moment  that  the  cast-iron  has  a  strain  of  2^  tons 
per  square  inch :  then,  with  this  perfect  adjustment^  we  have  found,  by  a  pro- 
cess of  reasoning  which  need  not  be  given  in  this  place,  the  following  approxi- 
mate rule  for  calculating  the  weight  with  which  the  beam  may  be  safely 
loaded : — Add  three  times  the  section  of  the  truss-rods  to  the  section  of  the  bot- 
tom flange,  substitute  this  sum  for  tlie  bottom  area  in  the  usual  formula  for 
calevdating  the  strength  of  cast-iron  beams,  and  one  third  this  result  mU  give  the 
weight  of  safety,  or  one-third  the  theoretical  breaking-weight. 
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Thus,  let  w  =  the  load  of  safety,  a  =  the  area  of  the  bottom  flange,  o^  = 
the  section  of  the  trass-rods,  Z  =  the  distance  between  the  points  of  support, 
and  c2  =  the  depth  of  the  cast-metal  beam ;  then 

w  =  — ^--JI — i^  tons (1) 

In  one  of  a  series  of  experiments,  we  find  a  =  1*05,  ai  =  'SO,  d  =  4, 
Z  =  4-5  X  12; 

-  ^  26  (105  + 8  X -39)4  ^  ^.^  ^^  ^  ^^^^^  „^1  . 

3  X  4-5  X  12 

Now  the  breaking- weight  of  this  beam  was  nearly  9000  lbs.,  giving  one- 
third  of  9000  lbs.  =  3000  lbs.  for  the  load  of  safety.  Hence  it  appears  that 
in  this  truss-beam  we  had  very  nearly  hit  upon  a  perfect  adjustment. 

Throughout  these  calculations  we  have  assumed  that  the  section  of  the 
top  flange  of  the  beam  is  duly  calculated  to  balance  the  united  tensile  forces 
of  the  truss-rods  and  the  bottom  flange  of  the  beam. 

Let  us  now  consider  the  question  of  economy  as  regards  these  beams. 

Gomparisoa  of  Gost. — ^In  estimating  the  comparative  advantages  of  dif- 
ferent forms  of  beams,  we  should  always  consider  their  ratio  of  cost  for  a 
given  amount  of  strength.  In  order  to  apply  this  method  of  comparison  to 
the  case  of  trussed  beams,  let  a  =  the  cost  of  the  beam  without  the  trusses, 
«!  =  the  cost  of  the  truss  rods,  Oj  =  the  cost  of  their  construction,  w  =  the 
brealdng  weight  of  the  beam  without  the  trusses,  and  W  the  brealdng-weight 
with  the  trusses ;  then  we  have — 

Comparative  advantage  of  the  trussed  beam,  the  beam  without  the  trusses 
being  represented  by  unity,  , 

x^SI.  .  .  .(1.) 


«  +  »!+«» 

In  the  case  of  one  of  the  beams  experimented  upon,  for  example,  we 
have — 

a  =  4i  ehillings,  a^  +  a,  =  4  shillings,  w  =  6800,  W  +  7400 ; 

then  by  formula  (1)  we  have — Comparative  advantage  of  the  trussed  beam, 

_      4i_       7400^j         1 

thiftt  is  to  say,  the  advantage  of  the  simple  beam  as  compared  with  the  trussed 
beam,  is  nearly  as  1  to  f. 

Stxength  of  CasUbon* — On  the  resisting  powers  of  cast-iron,  some 
curious  and  interesting  facts  have  been  developed  by  experiments  conducted 
some  years  since  at  the  request  of  the  British  Association  for  the  Advance- 
ment of  Science,  conjointiy  by  Mr.  Hodgkinson  and  Mr.  Fairbaim.  It  has 
always  been  a  very  important  question,  what  is  the  eff*ect  of  lengthened  time 
in  rliiniTiiahing  the  resisting  powers  of  heavily-loaded  structures,  or  whether 
a  continuance  of  a  force  having  a  tendency  to  rupture  the  parts  of  a  beam 
will  ultimately  lead  to  fracture.  To  solve  this  question,  and  to  determine  the 
law  which  governs  the  resisting  powers  of  cast-iron  imder  such  circumstances, 
the  following  experiments  were  introduced.  They  commenced  in  March,  188T, 
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and  teimmated  in  1842 ;  and  as  these  experiments  materially  affect  formally 
acknowledged  theories  on  the  strength  of  materials,  it  may  not  be  inexpedient 
to  give  the  results  as  they  were  uniformly  recorded  during  a  long  series  of 
experiments. 

Table  I. — Permanent  Loads, 

Cbed-Tahn  reeUmgtiiar  bars,  4fi.  6  tiw.  beiwem  M^a>port$y  haied  with  difirmt 
weighU  for  determining  the  ehimgee  of  defleetion  whieh  take  place  during  indefimia 
periods  of  time,  the  mean  breaking-weight  of  each  sort  of  iron  having  been  preewusiy 
ascertained  to  be-^for  the  eold-Naetj  508  lbs.,  and  for  the  hot-blast,  484  M«. 


No.  of 

Permanent 

Mean  breaking- 

Batio  of  breaking. 

^^AllHITfca, 

ban. 

load  in  Ibe. 

weight  in  lbs. 

weight  to  load. 

1 

280 

508 

1  :  -551 

2 

336 

508 

1  :  -661 

a 

392 

506 

1  :  -771 

Gold-blflfltinm. 

4 

448 

508 

1  :  -881 

6 

448 

508 

1  :  -881 

' 

6 

280 

484 

1  :  -578 

7 

836 

484 

1  :  -694 

8 

892 

484 

l:-805 

HotrUastinm. 

9 

448 

484 

l:-925 

10 

448 

484 

l:-925 

' 

From  the  above  will  be  seen  the  nature  of  the  experiments  which  were 
instituted  for  the  purpose  of  ascertaining,  by  an  exceedingly  minute  scale, 
the  increase  of  deflection  which,  from  time  to  time,  took  place  on  the  bars. 
If  that  increase  were  progressive,  it  might  then  be  inferred  that  rupture  must 
at  some  time  or  other  (however  remote)  take  place ;  if  otherwise,  that  a  new 
arrangement  of  the  molecules  of  the  parts  under  strain  had  taken  place,  and 
had  thus  become  fixed  with  a  power  of  resistance  equivalent  to  the  load. 
The  results  from  March,  1837,  tiU  April,  1842,  were  as  follow : — 

Table  TL.-^RemlU  on  bars  No$,  2  and  7,  loaded  with  886  U>$. 


Temperature. 

Date  of 

Gold-blaat 

deflection  in 

inches. 

Hot-blast 

deflection  in 

inches. 

Baiioof  increaae. 

7r 
72- 
61* 
50' 
58» 

11  March,  1837 
8  June,    1888 

5  July,     1839 

6  June,    1840 
22  Nov.,    1841 
19  April,    1842 

1-270 
1-316 
1-305 
1-303 
1-306 
1*308 

1-461 
1-538 
1-533 
1-520 
1-620 
1-620 

Previous  to  the  time 
of  taking  the  de- 
flection  in   Nov. 
and  April  the  hot- 
blast  bailiad  been 
distarbad. 

53^ 

Mean 

1-301 

1-548 

The  above  experiments  show  a  mean  increase  in  the  deflection  of  the 
cold-blast  bar  during  a  period  of  five  years  of  *031,  and  of  '087  in  that  of  the 
hot-blast  bar. 
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Table  HI,— Results  on  bars  Nos.  3  and  8,  loaded  with  892  lbs. 


Temperature. 

Date  of 
observation. 

Cold-blast 

deflection  in 

inches. 

Hot-blast 

deflection  in 

inches. 

Bemarkfl. 

78- 

72^ 

er 

50^ 

68r 

6  March,  1837 

23  June,     1838 

6  July,     1839 

6  June,     1840 

22  Nov.,    1841 

19  April,    1842 

1-684 
1-824 
1-824 
1-826 
1-829 
1-828 

1-715 
1-803 
1-798 
1-798 
1-804 
1-812 

ss** 

Mean. 

1-802 

1-788 

I>nring  five  years,  the  increase  of  the  deflection  of  the  cold-blast  bar  has 
been  rather  more  than  that  of  the  hot-blast,  the  mean  increase  being  as 
*118  to  '073 ;  Trhereas  in  the  former  table  the  increase  was  on  the  other  side, 
or  as  '031  to  '087.  Nevertheless,  the  deflections  in  this  case  indicate,  as 
before,  a  steady  increase  of  deflection. 

Table  IV,— Results  on  bars  Nos.  4,  5,  0,  and  10,  loaded  with  448  lbs. 


Temperature. 

Bate  of 
obsenration. 

Cold-blast 

deflection  in 

inches. 

Hot-blast 

deflection  in 

inches. 

Bemarks. 

7r 

72- 
61» 

6  March,  1837 

23  June,    1838 

6  July,     1839 

6  June,     1840 

22  Nov.,     1841 

19  April,    1842 

1-410 
1-467 
1-446 
1-446 
1-449 
1-449 

Both   the  hot-blast 
bars  bn^e  at  once 
with  448  lbs.,  and 
one  of  the   cold- 
blast  bars    broke 
after      sustaining 
the  weight  thirty- 
seven  days. 

63° 

Mean. 

1-442 

•• 

The  progressive  increase  in  the  deflection  in  tliis  case  is  *032;  which, 
itwiU  be  observed,  is  mnch  less  than  those  eichibited  in  the  former  table  with 
weights  of  892  lbs.,  and  less  than  the  increase  of  deflection  of  the  hot  blast 
bar  in  Table  I. 

Viewing  the  whole  of  these  results  in  tlie  light  of  a  problem  affecting  the 
laws  which  regulate  the  resistance  of  bodies  to  continuous  strain,  it  \a  im- 
portant to  know  how  admirably  the  cohesive  powers  of  matter  adapt  them- 
selves to  circumstances,  and  with  what  tenacity  they  resist  forces  tending  to 
dissever  and  rupture  their  parts.  It  yet  becomes  a  question  for  consideration 
how  far  this  power  extends,  and  whether  or  not  bodies,  when  loaded  even 
within  one-thousandth  part  of  the  weight  that  would  break  them,  would  or 
would  not  sustain  the  load  for  ever,  provided  no  disturbing  cause  were 
present  to  produce  fracture.  Notwithstanding  the  fieust  that  the  whole  of 
the  loaded  bars  exhibit  an  increase  of  deflection,  the  writer  is  inclined  to 
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think  sach  would  be  the  case,  and  to  attribute  the  deflectLon  to  the 
yibratiouB  continuallj  going  on  in  the  building,  and  to  the  changes — such 
as  temperature,  oxidation,  &c. — ^to  which  every  description  of  material  is 
subject. 

In  these  experiments  it  was  fully  established  that  a  continued  and  per- 
fectly permanent  pressure,  even  when  approximating  to  fracture,  is  very 
different  to  the  law  of  deflective  elasticity,  caused  by  changes  affecting  the 
conditions  of  material.  These  changes  are  the  increase  and  diminution  of 
pressure,  producing  a  disturbing  force  on  all  the  parts  imder  strain ;  and  by  a 
continued  series  of  alternations,  eventually  destroying  the  antagonistic  powers 
of  resistance. 

In  the  former  case,  the  load,  however  near  it  approximates  to  fracture, 
remains  permanently  fixed;  whereas,  in  the  latter,  the  changes,  however 
minute,  will,  if  continued  long  enough,  lead  to  destruction.  Mr.  Hodgldnson*s, 
as  well  as  Mr.  Fairbaim's,  experiments  lead  to  this  conclusion;  and  we  have 
no  doubt  that  any  load,  however  small,  producing  a  permanent  set  upon  a 
bar,  when  taken  off  and  again  restored  a  sufficient  number  of  times,  will  at 
last  break  it.  For  example,  suppose  we  take  the  bars  supporting  the  lightest 
weights,  260  lbs.,  and  admitting  that  the  load  be  removed,  or  relieved  to  the 
extent  of  200  lbs.  every  thirty  seconds,  it  is  evident  that  this  change,  often 
repeated,  will,  ia  the  end,  destroy  the  cohesive  powers  of  the  bar,  either  in  the 
lower  part  of  its  crystalline  extended  section,  or  in  the  upper  part  where  the 
crystals  are  compressed,  and  where  it  is  probable  the  destructive  process 
would  be  progressive  in  a  given  ratio.  This  constant  movement  of  the  atoms 
of  crystalline  as  well  as  fibrous  bodies  is,  probably,  the  cause  of  breakage ; 
and  however  slight  the  strain  may  be  when  applied  first  in  one  direction  and 
then  in  another,  it  only  becomes  a  question  of  time  how  long  it  will  bear 
these  continued  repetitions  before  rupture  takes  place. 

Table  V. — Comparative  Strength  and  Power  to  resist  impact  of  the  Coed- 
Talon  Jiot  and  cold-blast  iron  at  variotts  temperatures. 


jyonsverH 

Strengths, 

Temperature. 

Coed-Talon  cold-blast. 

No.  2  iron. 

861-0 
/  940-7  1  Mean 
\  968-6/ 949  6 

7431 

723-1 

Coed-Talon  hot-blast 

BaUo. 

Fahrenheit 
26'' 

32» 

190' 
Bed  in  dark. 

No.  2  iron. 

8231 

(933-4)  Mean) 
19060 J  919-7 J 

8286 

829-7 

1000  :  967-2 
1000  :  977-6 

1000  :  1108-0 

No.  3  iron. 

No.  3  iron. 

212* 
600' 

/  906-0  t  Mean 
1 943-6/  924-3 
/   909-3  \  Mean 
11670/  10331 

818-4 

8341  \  Mean 
917-6/876-8 

1000  :  886-4 
1000  :  847-7 
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TfiWtr  to  resist  Impact. 


Temperature. 

Coed-Talon  cold-blast. 

Ooed-Talon  hot-blast. 

Katio. 

Fahrenheit. 
26° 

32° 

190° 

No.  2  iron. 

349-8 
1  360-3  \  Mean 
\  404-5  J  382-4 

223-7 

No.  2  iron. 
840-8 

406*9  (Mean) 
383-21  3960  J 
298-9 

1000  :  974 

1000  :  1032-9 
1000  :  1336 

Modulus  of  ElMtieity  in  Totmdsfor  a  Base  of  one  inch  square. 


Temperature. 

Coed-Talon  cold-blast. 

Coed -Talon  hot-blast. 

Fahrenheit. 
26° 

32° 
190° 

No.  2  iron. 

12994400 
(13506700)     Mean 
1 15148200  [14327450 

14398600 

No.  2  iron. 

14267500 
j  13723500)     Mean 
114283200)14003350 

13869500 

In  pursuing  these  investigations,  it  unfortunately  happened  that  the  stock 
of  No.  2  iron  became  exhausted;  a  circumstance  which  intercepts  the  com- 
parison from  six  degrees  below  the  freezing  point  of  water  to  the  temperature 
of  melted  lead. 

The  No.  8  shonld  have  been  broken  at  all  the  points  of  temperature,  in 
order  to  have  ascertained  the  loss  of  strength  as  the  heat  increased.  It  was 
not,  however,  accomplished;  and  from  this  circumstance  the  comparison 
only  holds  good  between  the  two  qualities,  No.  2  and  No.  3,  from  the  boiling 
point  of  water,  or  212**  up  to  600°  of  Fahrenheit.  In  the  No.  2  iron  it  will  be 
observed  that  the  strength  continued  to  diminish  as  the  temperature  in- 
creased ;  whereas  in  No.  8  it  increased,  as  shown  in  the  table,  from  924*8 
to  1023*4,  which  can  only  be  accounted  for  from  the  irregularity  and  greater 
rigidity  of  that  description  of  iron.  On  the  whole,  we  may  infer  that  cast-iron, 
of  average  quality,  loses  strength  when  heated  beyond  a  mean  temperature 
of  120";  and  it  becomes  insecure  at  the  freezing-point,  or  under  32°  of 
Fahrenheit. 

On  Wvonght  Iron  Beams.— Of  late  years  the  extensive  apphcation  of 

n  malleable-iron  to  every  kind  of  iron  construction,  has 
led  to  the  adoption  of  wrought-iron  beams  in  place  of  the 
cast-iron  and  trussed  beams  of  which  we  have  been 
treating,  Wrought-iron  may  be  obtained  in  plates  of 
almost  any  size ;  and  these,  connected  together  by  riveting, 
and  strengthened  by  angle  and  T  irons,  form  the  safest, 
strongest,  and  in  most  cases  the  cheapest  of  all  construc- 
tions. 
At  fibrst  the  box-beam,  of  which  Fig.  83  represents  a 
7ig.  8S.  section,  was  considered  superior  to  the  flat  beam  repre- 

sented in  Fig.  84.    These  two  beams  have  been  alternately  employed  for  the 


Digiti 


ized  by  Google 


430  BOX  AND  FLAT  BEAMS  FOB  IBON   H0U8E8. 

purposes  above  meiitioned ;  but  we  have  invariably  given  the  prefereace 
to  the  plate-beam  (Fig.  34),  on  account  of  its  simplicily  of 
construction ;  although  inferior  in  strength  to  the  box-beam, 
it  has,  nevertheless,  other  valuable  propertieB  to  recom- 
mend it. 

On  comparing  the  strength  of  these  beams  separately, 
weight  for  weight,  it  will  be  found  that  the  box-beam  is  to  the 
plate-beam  as  1 :  '93,  or  nearly  100  :  90.  This  difference  in 
strength  does  not  arise  from  any  want  of  proportion  in  the  top 
and  bottom  sections  of  either  beam,  but  from  the  position  of  the 
Kg.  84.  material,  which,  in  the  box  form,  oiffers  greatly  superior  powers 
of  resistance  to  lateral  flexure.  Taking  the  plate-beam,  however,  in  a  position 
similar  to  that  in  which  it  is  used  for  supporting  the  arches  of  fire-proof 
buildings,  or  the  roadway  of  a  bridge  where  the  vertical  position  is  main- 
tained, its  strength  is  very  nearly  equal  to  that  of  the  box-beam ;  while  in 
such  a  position  it  is  of  more  simple  construction,  less  expensive,  and  more 
durable  from  the  circumstance  that  the  vertical  plate  is  thicker  than  the  side 
plates  of  ^  the  box-beam,  and  is,  consequently,  better  calculated  to  resist  those 
atmospheric  changes  which,  in  this  climate,  have  so  great  an  influenoe  upon 
the  durability  of  the  metals.  Besides,  it  admits  of  easy  access  to  all  its  parts 
for  the  purpose  of  cleaning,  painting,  &c. 

In  all  buildings,  such  as  warehouses,  cotton  and  flax-mills,  and  dwelling- 
houses  which  require  protection  from  risk,  whether  arising  from  weakness, 
from  the  employment  of  a  more  dangerous  material  such  as  cast-iron,  or  from 
fire,  it  will  be  found  exceedingly  valuable,  irrespective  of  the  sense  of  secnrify 
which  the  nature  of  the  material  is  sure  to  establish  in  the  public  mind. 

One  feature  in  the  use  of  this  material  is  the  scope  which  it  gives  for  an 
extension  of  space  to  any  distance  commensnrata  with  the  convenience  of 
the  establishment,  or  the  taste  of  the  architect  or  engineer.  Most  of  the 
improved  cotton-mills  are  from  60  to  65  feet  in  width,  with  two  or  three  rows 
of  columns,  at  distances  of  15  to  16  feet  across  the  mill,  and  from  9  to  10  feet 
in  the  direction  of  its  length.  These  columns  present  serious  obstructions  to 
the  convenient  arrangement  and  free-working  of  the  machinery,  but  they 
cannot  well  be  avoided  where  cast-iron  beams  are  used.  By  the  employment 
of  wrought-iron  they  quickly  vanish,  as  one  row  of  columns  with  only  two 
beams  in  width  not  only  meets  the  objection,  but  removes  all  doubts  as  to 
the  security  of  the  structure.  In  these  constructions,  however,  it  must  be 
borne  in  mind  that  an  increase  of  space  is  attended  with  a  considerable  in- 
crease of  expense ;  but  when  the  latter  is  not  a  serious  consideration,  fire- 
proof mills  might  be  built  upwards  of  60  feet  in  width  without  the  intro- 
duction of  a  single  column,  or  any  other  obstruction  whatever. 

In  large  buildings  this  may  be  effected  with  perfect  ease,  and  the  beams 
so  constructed  as  to  carry  a  load  of  4  or  5  tons  to  the  square  yard.  Let  us, 
however,  return  to  those  erections  which  require  a  centre  column,  with  a 
distance  of  30  feet  on  each  side  between  the  bearings.  In  a  building  of  this 
kind,  tlie  beams  will  each  be  31  feet  6  inches  long,  and  30  feet  between  the 
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supports;  and  zqaj  be  composed  of  plates  22  inches  deep,  -fig  thick,  and 
angle-iron  ^  and  f  ths  of  an  inch  thick,  rivetted  on  both 
sides,  as  shown  in  the  section.  Fig.  35.  Taking  the  con- 
stant at  75,  which  we  take  instead  of  80,  used  for  com- 
puting the  strength  of  hollow  girders  with  cellular  top,  to 
compensate  for  defects  in  form  which  cannot  be  remedied 
in  the  single-plate  girder,  the  breaking- weight  of  this  beam 
would  be  as  follows : — 

Let  W  represent  the  breaking-weight  in  tons,  a  the 
area  of  the  bottom  flange,  d  the  depth  of  the  beam  =  22 
^^[ '  inches,  I = the  distance  between  the  supports  =  360  inches, 

then  we  have 

—      ode      75  X  6  X  22       „^  _  .       .    ,,       . , ,, 
w  =  -J-  =  — ^^ggj =  27'6  tons  m  the  middle, 

or  55  tons  distributed  equally  over  the  surface. 

Now,  a  cast-iron  beam  of  the  best  form  and  strongest  section,  and  calcu- 
lated to  support  the  same  load,  would  weigh  about  2  tons;  whereas  the 
wrought-iron  beam  would  only  weigh  16cwt.  Iqr.  14  lbs.,  or  a  little  more 
than  one-third  of  the  weight  of  the  cast-iron  beam.  This  difference  is  of 
considerable  importance,  as  there  is  less  weight  to  carry,  and  nmch  greater 
certainiy  as  regards  the  ultimate  strength  and  security  of  the  beams.  Let 
us,  however,  extend  the  comparison  still  farther,  and  endeavour  to  ascertain 
the  cost  of  the  material  and  construction  of  each  kind  of  beam,  which,  after 
an,  is  the  only  criterion  of  the  utility  and  fitness  of  any  improvement.  Every 
invention  resolves  iti^lf  into  this  comparison;  and,  in  order  to  secure  a 
successful  application,  the  superiority  of  the  article  (when  other  things  are 
the  same)  must  be  measured  by  the  price  at  which  it  can  be  produced. 

Assuming,  therefore,  that  cast-iron  beams  can  be  delivered  at  the  foundry 
at  j66  10<.  per  ton,  and  that  the  wrought  iron  plate-girders  can  be  manu- 
iactured  at  j616  per  ton,  it  follows  that 

A  cast^iron  beam,  40  cwt.,  at  0«.  6d £IS  Os, 

A  wrought  iron  beam,  16  cwt  1  qr.  14  lbs.,  at  16«.  .  .  £1^  2s. 
making  a  difference  of  only  two  shillings  between  the  cost  of  the  one  and  the 
cost  of  the  other.  Assuming,  therefore,  the  prices  to  be  the  same,  we  have, 
in  the  case  of  wrought-iron  beams,  only  about  one-third  of  the  weight  of 
metal  to  cany;  while  the  lighter  weight  of  the  wrought-iron  beams  will 
enable  us  to  erect  and  fix  them  in  their  places  at  considerably  less  cost 
Altogether,  we  are  persuaded  that  wroughtiron  beams,  manufactured  on 
a  large  scale,  might  be  supplied  at  a  rate  so  moderate  as  to  answer  that  most 
desirable  object,  the  combination  of  strength  with  lightness  and  security. 
The  writer  is  even  of  opinion  that  beams  of  this  description  can  be  manu- 
fiEUitured  at  <£14  per  ton  instead  of  j£16,  as  quoted  above.  If  this  can  be 
effected,  there  is  a  direct  saving  of  £1  lOs.  9d.  per  ton;  a  very  important 
economical  consideration,  independently  of  the  increased  security. 

Should  this  description  of  beam  become  general  in  its  application,  it  is  more 
than  probable  that  all  those  under  12  cwt  might  be  delivered  at  once  of  the 
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required  fonn  from  the  roUing-mill ;  and  it  would  be  premature  to  assume  that 
even  the  larger  sizes  could  not  be  manufactured  in  the  same  manner.  At 
the  Paris  Exposition  in  1855,  some  wrought-iron  beams  and  joists  of  this 
kind  were  exhibited  by  French  manufacturers,  showing  a  degree  of  per- 
fection such  as  has  not  yet  been  attained  in  this  country.  Some  of  the  joists 
of  the  sectional  dimensions  shown  in  Fig.  86  were 
rolled  60  feet  long;  and  another  specimen  of  still 
greater  dimensions,  as  in  Fig.  87,  was  rolled  40  feet 
long.  In  the  manufacture  of  maUeable-iron  beams  in 
Fnmce,  sufficient  attention  has  not  been  paid  to  sec- 
tional form  in  order  to  attain  the  section  of  greatest 
Fig.  86.  strength.  In  wrought  iron  beams  the  area  of  the  top 
flange  requires  to  be  nearly  double  that  of  the  bottom,  as  shown 
in  Fig.  85 ;  but  as  yet  this  class  of  work  has  not  been  pro- 
duced in  England.  If  this  description  of  beam  were  properly  rolled  and 
manufactured,  it  would  effect  a  great  saving  in  mechanical  construction, 
and  would,  at  the  same  time,  ensure  much  greater  imiformity  and  certainty 
in  the  strength  of  beams,  avoiding  altogether  the  system  of  joints  and  the 
riveted  angle-iron,  which  constitutes  our  present  defective  mode  of  con- 
struction.  • 

Hitherto  we  have  treated  of  beams  of  light  weight  and  short  span ;  in- 
stances, however,  occur  where  they  are  required  of  large  span  and  consider- 
able strength;  and  in  recommending  this  peculiar  application,  it  may  be 


Kg.  87. 


Fig.  38. 

necessary  that  we  should  meet  these  requirements  by  the  introduction  of  a 
construction  suitable  for  such  purposes.  We  have  already  remarked,  that  the 
smaller  description  of  wrought-iron  beams  may  be  pro- 
duced at  once  from  the  rolling-mill,  at  a  very  moderate 
price  per  ton.  In  cases  where  the  extent  of  span  re- 
quired would  render  it  impracticable  to  roll  the  beam 
in  one  piece,  convenient  weights  might  be  rolled  into 
sections  of  the  proper  form,  and  a  beam  of  excellent 
description  be  constructed  by  joining  the  parts  together, 
as  shown  in  the  annexed  elevation  and  sections  (Figs. 
n».30.  38,  39,  and  40). 
In  the  construction  of  this  beam,  the  parts  A,  B  and  0  are  rolled  ^'  ^ 
separately  to  the  form  shown  in  Fig.  89,  which  is  a  section  through  a  h ; 
and  being  united  by  proper  covering-plates  and  rivets,  it  will  form  a  section 
at  the  junction  through  the  lines  c  d,  ef,  as  exhibited  in  Fig.  40.  This  con- 
struction maybe  applied  to  a  span  of  40  to  50  feet ;  and  provided  the  covering- 
plates  are  properly  proportioned  and  the  riveting  well  executed,  the  beam 
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mQ  be  eqnal  in  Btrength  to  one  formed  of  solid  iron,  without  the  intervention 
of  a  Eongle  joint. 

It  is  probable  that  the  rectangular  box-beam  is  more  appropriate  for  the 
support  of  great  weights  on  a  large  span  than  the  plate-beam  recommended 
above ;  but  we  have  already  stated  our  objections  to  the  box-beam,  viz.  the 
danger  of  oxidation,  aud  ^e  impossibility  of  reaching  the  interior  for  the 
purpose  of  cleaning,  painting,  &c. ;  and  we  are  of  opinion  that,  with  proper 
care  in  the  construction,  in  spans  up  to  forty,  and  in  some  cases  up  to  fifty 
feet,  the  plates  will  be  found  superior  to  any  other  description  of  beam.  In 
cases  where  the  distance  between  the  supports  exceeds  fifty  feet,  the  tubular 
girder  is  evidently  the  best  form  of  beam ;  but  of  this  we  shall  speak  more 
fully  when  we  come  to  treat  of  bridges. 


SECTION  II.— ON  IRON  PLOOES,  EOOFS,  &c. 

Gast-Zvon  Golnmiu, — ^Among  the  applications  of  iron,  cast-iron  columns 
will  continue  to  hold  a  prominent  position.  The  great  resistance  of  cast-iron 
to  compression  was  proved  by  experiments  already  referred  to  (page  391), 
when  treating  of  artillery  and  ordnance. 

The  subject  of  columns  has  been  ably  investigated  by  Professor  Hodg- 
kinson,  and  he  has  deduced  some  interesting  results  from  a  long  series  of 
experiments.  He  has  shown  that  the  strength  of  cast-iron  pillars  with  their 
ends  flat,  bears  a  constant  ratio  to  their  strength  when  their  ends  are  rounded. 
Taking  the  mean  results  as  derived  from  the  experiments,  we  have  the 
following  curious  facts : — 


Columns. 

Breaking- weights  in  lbs. 

Both  ends  rounded          .    .    . 
One  end  rounded  and  one  flat  . 
Both  ends  flat  or  with  discs 

143 
256 
487 

3017 
6278 
9007 

7009 
13499 
20310 

7009 
13565 
22475 

16493 
83577 

In  the  above  table  it  will  be  observed,  that  tiiie  pillars  in  eadi  vertical 
column  are  of  the  same  length  and  diameter ;  the  strengths,  therefore,  in  the 
three  different  cases,  reading  downwards,  are  as  1 , 2, 3  nearly,  the  middle  being 
an  arithmetical  mean  between  the  other  two.  It  is  shown,  moreover,  by  the 
experiments  on  timber,  wrought-iron,  and  steel,  that  the  strength  of  a  pillar 
with  one  end  rounded  and  the  other  flat  is  always  an  arithmetical*  mean 
between  the  strengths  of  pillars  of  the  same  dimensions,  with  both  ends 
rounded  and  both  flat,  however  the  strength  of  these  may  vary. 

That  the  same  law  appears  to  apply  to  wrought-iron  and  timber,  may  be 
seen  from  the  following  results : — 


Length  in 
indies. 

Ends  rounded. 

Ends  rounded 
and  flat. 

Ends  flat 

Wrought-iron     .    . 
"Wrought-iron     .    . 
Timber     .... 

90f 
60i 
60| 

1808 
3938 
8197 

3365 
8187 
6109 

5280 

12990 

9625 

USEFUL  METALS. 
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The  strengths  in  these  cases  are,  therefore,  as  1,  2,  3,  nearly  the  same  as 
those  on  cast-iron,  the  middle  being  an  arithmetical  mean  between  the  other 
two.  These  are  &cts  that  require  careful  attention  on  the  part  of  architects 
and  builders,  as  the  bearing  powers  of  a  column  may  be  weakened  one-third 
by  having  one  of  its  ends  rounded,  and  two-thirds  when  boUi  ends  are  rounded. 
All  columns  should,  therefore,  have  flat  ends. 

rioova, — ^Before  entering  on  the  application  of  iron  to  roofs  and  the  con- 
struction of  houses,  churches, 
&c.,  it  will  be  desirable  to  no- 
tice the  French  system  of  con- 
structing the  floors  of  dwell- 
ing houses  and  pubhc  build- 
ings. There  are  two  systems 
at  present  in  use  in  the  French 
metropolis,  the  Systems  Vaux 
and  the  Systems  Tliuasns ;  the 
former  employing  flat-rolled 
iron  joists,  the  latter  rolled 
iron  joists  with  flanges.  In 
both  systems  the  joists  are 
united  by  ti-ansverse  tie-rods, 
and  these  again  are  interlaced 
by  small  bars  of  iron,  varj^ing 
from  three-eighths  to  one-half 
inch  square,  according  to  cir- 
cumstances. These  methods 
have  been  in  use  for  some 
years  past;  but  that  of  M. 
Thuasne,  wliich  is  simply  an 
improvement  in  tlie  foim  of 
the  joists,  has  come  into 
general  use  since  the  com- 
mencement of  the  alterations  of  the  Louvre  and  the  Rue  de  Eivoli.  The 
beams  generally  employed  are  similar  to  tiiose  shown  in  Figs.  86  and  87 ; 
and  they  vary  in  depth,  thickness,  and  length,  according  to  the  width  of  the 
room  or  the  length  of  the  span.  At  first  they  were  placed  at  distances  of  one 
metre  apart  =  8  feet  8^  inches ;  but  that  distance  was  foimd  to  be  incon- 
venient, not  giving  sufficient  strength  and  rigidit)'  to  the  floor ;  and  hence 
they  are  now  placed  at  about  two  feet  asunder. 

The  usual  way  of  forming  the  ceiling,  is  to  force  upwards,  against  the 
bottom  of  the  iron  joists,  flat  boards,  w*hich  answer  as  a  centering,  and  then 
to  fill  up  the  spaces  between  the  joists  and  tie-rods,  to  a  deptli  of  2\  or  3 
inches,  witli  a  coarse  grout  of  plaster  of  Paris.  This  hardens  almost 
immediately,  and  forms  a  ceiling  ready  to  receive  the  finishing  coat  of  fine 
plaster.  The  upper  part  above  the  iron  joists  is  then  filled  up  with  hollow 
brick  or  small  cylinders  of  baked  clay  like  flower-pots ;  and  tiiese  being  again 


Fig.  43.— Systeme  Thonsna. 
FBSNCH  ICBIHOn  OF  00N8TRUCTINO  IBON  F1.00BS. 
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groutedi  form  an  excellent  bond  to  the  iron  joists.  On  the  top  of  these 
groutings  maybe  formed  the  floori  of  tiles  or  concrete,  as  most  convenient;  or 
a  wooden  floor  may  be  introduced,  which  is  frequently  done  by  embedding 
wooden  sleepers  at  the  required  distances  to  receive  the  boarding. 

M.  Thuasne  published,  a  year  or  two  since,  a  table  of  sizes  of  joists  and 
prices  for  the  use  of  builders  and  the  public,  of  which  Mr.  Bumell  gave 
the  foUowing  translation  in  a  paper  read  to  the  Boyal  Institute  of  British 
Architects  in  1854 : — 


Bearings : 
Ft  in.      Ft.  in. 

Depth  of 
joist  in 
inches. 

Depth  of  floor  ! 

complete  in 

inches. 

Weight  per 

square: 

lbs. 

Iron -work 
per  square. 
£    s.    d. 

Including  grouting 

(12«.)  per  square. 

£    «.    d. 

10  0  to   11   6 

11  6  to   13  0 
13  0  to   16  6 
16  6  to  20  0 
20  0  to  23  0 
23  0   to   26  0 

4 
4* 

5; 

6 

7- 
8- 

7J^ 

n 

9l 
lOj 

nf 

370 
420 
465 
510 
605 
700 

2  19      5 

3  6     5 

3  14      4 

4  1      9 

4  17      6 

5  12      4 

3    11     5 

3  18    5 

4  6    4 

4  13    9 

5  9     6 

6  4    4 

There  is  no  limit  to  the  length  of  riveted  wrought^iron  beams  within 
sixty  or  even  one  hundred  feet ;  but  with  iron  joists  and  beams  from  the  rolls 
^m^/g^^mm^BK^mimif^  ^^  ^^^  ^  different,  the  limit 
^^^^^^^^^CV\u=*^>r7 .  being,  with  our  present  ma- 
chinery, about  thirty  feet. 
Booms  of  twenty-four  and 
twenty-six  feet  have  been 
constructed  of  such  joists 
without  main  girders;  but 
when  the  span  exceeds 
twenty-six  or  thirty  feet,  it  is 
probably  safer  to  use  a  main 
central  girder,  and  diverge 
with  the  iron  joists  on  each 
side;  by  this  means  tlie 
weight  will  be  reduced,  and 
the  span  extended  up  to  forty 
or  fifty  feet,  in  cases  where 
the  nature  of  the  building 
requires  tliat  width. 

Ill  regard  to  these  con- 
structions it  may  be  added, 
that  there  is  hardly  any  limit 
to  which  wrought^ii-on  girders 
might  not  bo  carried;  but  it 
has  been  ascert£^ed  tliat  the 
limit  of  a  tubular  girder 
bridge  is  1800  feet  span,  as  it 


Fig.  47. 
FOX  AlO)  Bl.XUlBTr'S  FIBB-PBOOF  FLOORS. 


has  been  shown  that  at  that  distance  the  weight  of  material  contained 
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in  the  structore  breaks  the  girder.  In  dwelling-houses  and  public  build- 
ings, fifty  to  sixty  feet  in  \ridth  is  seldom  exceeded;  and  in  such  cases  it 
is  the  safest  and  the  cheapest  plan  to  introduce  main  tubular  girders  at 
twenty  or  twenty-four  feet  apart,  and  to  fill  up  longitudinally  with  rolled 
iron  joists. 

This  system  of  applying  iron  to  the  construction  of  the  floors  of  buildings, 
appears  to  have  been  first  introduced  by  Dr.  Henry  Hawes  Fox,  who  applied 
it  to  a  lunatic  asylum  in  Gloucestershire,  in  1838-4;  and  in  the  year  1844 
he  took  out  a  patent  for  its  application  to  other  buildings  of  a  similar 
character.  It  is  not  stated  whether  Dr.  Fox  employed  cast  or  wrought-iron 
beams  in  the  Gloucestershire  asylum,  but  we  apprehend  they  were  cast-iron. 
But  be  that  as  it  may,  wrought-iron  bars,  for  the  joists  of  floors  covered  with 
flags,  have  been  used  in  drying-houses  in  Lancashire  for  the  last  forty  years ; 
and  beams  with  flanges,  as  Iq  the  French  system,  have  been  employed  for 
the  deck  beams  of  ships  for  the  last  twenty  to  twenty-five  years.  It  is,  how- 
ever, from  the  time  when  the  lengthened  series  of  experiments  were  under- 
taken to  deteimine  the  form  and  strength  of  the  tubular  bridges  which 
cross  the  river  Conway  and  the  Menai  Straits,  that  we  may  safely  date  the 
introduction  of  wrought-iron  for  floors  and  public  buildings  upon  a  large  and 
extended  principle  of  construction. 

Figs.  41  to  43  exhibit  the  French  systems  of  construction,  and  I^gs.  44 
to  47  are  sections  of  the  fire-proof  floors  introduced  into  England  by  Messrs. 
Fox  and  Barrett. 

Zxon  Roofs. — These  constructions  date  from  a  recent  period  in  the  appli- 
cation of  iron;  some  few,  indeed,  were  made  before  the  close  of  the  last  cen- 
tury, but  their  em- 
ployment was  very 
limited  pretiously  to 
the  introduction  of 
oast-iron  in  the  con- 
felruction  of  Messrs. 
Phillips  and  Lee's 
fire-proof  factory  at 
Manchester.  During 
the  rapid  extension 
of  the  cotton  manu- 
facture, most  of  the 
fire-proof  mills  were 
covered  with  iron 
roofs  of  tlie  form  re- 
presented in  Fig.  48.  This  description  of  roof,  with  its  series  of  arches, 
was  very  convenient,  as  it  gave  a  spacious  room  in  the  attic-story,  either 
for  machinery  or  for  other  purposes.  Perhaps  the  only  drawback  to  its 
employment  was  its  expense,  which  amounted  to  about  the  same  sum  as  the 
cost  of  an  additional  story. 

Another  form  of  roof  was  introduced  by  Messrs.  Fairbaim  and  Unie,  of 


Fig.  48. 
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Manchester,  in  1827,  and  has  been  Yeiy  generally  adopted  since  that  time 
for  large  buildings,  raHway-stations,  and  other  structores  where  the  span 
does  not  exceed  fifty  feet.  It  is  a  simple  and  effective  roof,  composed  of 
trussed  cast-iron  principals,  and  iron  rods  on  which  the  slates  are  laid  with 
iron  nails  or  pegs.  Of  recent  years,  and  since  the  introduction  of  railways, 
the  cast-iron  has  gLven  place  to  wrought-iron  of  the  T  form ;  and  considering 
the  facilities  with  which  this  material  can  be  obtained  from  the  rolls,  it  is 
probably  one  of  the  simplest  and  most  effective  roo&  that  can  be  made.    In 

Fig.  49,  a  a  is  the 
"J"  iron  princi- 
pal; <;  6*,  wrought- 
iron  tie-rods  fixed 
upon  the  princi- 
pal by  shoes  at 
eitlier  end,  and 
supporting  the 
roof  by  means  of 
the  cast-iron  strut 

b ;  the  tie-rod  d  holds  the  roof  in  place  by  resisting  its  tendency  to  force  the 
walls  outwards. 

Roofs  of  wider  span  are  of  greater  complexity,  and  require  to  be  care- 
fully constructed,  in  order  to  give  the  necessary  rigidity  and  retentiveness  of 
form.  Eveiy  pair  of  principals  composing  such  structures  should  be  self* 
supporting — that  is,  should  have  sufficient  stiffiiess  within  itself  to  sustain  a 
load  of  40  lbs.  to  every  square  foot  of  roof,  without  yielding  to  pressure  or 
causing  any  thrust  upon  the  side- walls  of  the  building.  We  have  always 
found  this  test  to  allow  a  safe  margin ;  and  in  our  opinion  every  roof,  or  rather 
a  pair  or  two  pairs  of  principals,  in  new  constructions,  should  be  tested  up  to 
that  standard.  Two  examples  will  be  sufficient  to  explain  the  principles  of 
construction,  and  to  show  the  system  generally  adopted  in  this  kind  of  roof. 
Fig.  00  is  a  section  of  the  iron  roof  over  tlie  Lime  street  Station,  Liver- 


pool, constructed  by  Mr.  Bichard  Turner,  of  the  Hanunersmith  Iron- works, 
Dublin.    Extreme  length,  374  feet ;  and  breadth,  153  feet  6  inches. 
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The  roof  consists  of  a  series  of  segmental  principals  or  girders,  fixed  at 
intervals  of  21  feet  6  inches  from  centre  to  centre.  These  principals  are 
trussed  vertically  by  radiating  struts,  made  to  act  by  straining  the  tie-rods 
and  diagonal  braces;  they  are  trussed  laterally  by  purlins,  placed  over  the 
radiating  struts  and  intermediately  between  them ;  also  by  diagonal  bracing, 
extending  from  the  bottom  of  the  radiating  struts  to  the  top  of  the  cor- 
responding ones  in  tlie  adjoining  principals. 

Each  principal  is  composed  of  a  MToughtiron  deck-beam,  nine  inches  in 
depth,  with  a  plate  ten  inches  mde  and  a  quarter  of  an  inch  thick,  riveted 
upon  the  top.  This  curved  rib  is  formed  of  seven  pieces,  connected  mtL 
each  other  at  the  points  where  tlie  radiating  struts  are  attached  by  means  of 
plates  riveted  on  both  sides.  There  are  six  radiating  struts  in  each  rib, 
varying  in  length  from  six  to  twelve  feet;  they  are  seven  inches  in  depth,  and 
are  attached  to  the  tierods  by  wrought-iron  link  plates.  The  sectional  area 
of  tlie  tie-rods  is  6^^  inches. 

The  diagonal  braces  hold  tiie  struts  tight  «p  against  the  piincipals,  and 
assist  the  tie-rods  in  giving  the  required  rigidity  to  the  principals ;  they  arc 
formed  of  round  ii'on  If  inch  in  diameter.  The  ends  of  the  principals  arc 
fixed  in  chairs  of  cast-iron ;  those  on  one  side  restiDg  upon  a  solid  plate,  and 
the  others  upon  rollers,  which  have  the  power  of  travei'sing  a  space  of  three 
inches,  also  upon  a  metal  plate,  so  as  to  admit  of  any  expansion  or  contrac 
tion  of  tlie  rib,  though  up  to  the  present  time  no  motion  has  been  observed. 
The  roof  is  covered  with  galvanized  corragated  wrought-iron  plates,  and  witli 
rough  plate-glass. 

The  total  cost  of  this  roof  was  about  ^15,000,  and  tlie  time  occupied  in 
its  erection  was  about  ten  months. 

The  superiority  of  a  roof  of  this  kind  over'  the  ordinary  slated  roofs  in 
small  spans  is  at  once  evident ;  not  only  is  the  space  occupied  by  the  inter- 
mediate columns  or  supports  saved,  and  every  obstruction  to  the  use  of 
sidings  removed,  but  the  iron  roof  is  much  more  durable,  and  is  not  subject 
to  decay  to  the  same  extent  as  those  composed  of  wood. 


Fig.  51. 

Fig.  51  is  a  section  of  one  of  the  larger  spans  of  the  new  Smithfield 
Market,  Manchester.  The  space  to  be  covered  by  this  roof  is  440  feet  long  by 
244  feet  wide.  It  is  composed  principally  of  wrought-iron,  and  consists  of 
two  central  spans  of  fifty  feet  each.    The  whole  is  supported  by  cast-iron 
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gatter  girders » of  an  average  length  of  twenty-three  feet  each»  resting  on 
columns  about  twenty-five  feet  high.  At  the  apex  of  each  roof  is  a  skylight 
fifteen  feet  wide  on  each  side  of  the  ridge»  running  the  whole  length  of 
the  market,  and  supported  on  Louvre  framing,  by  which  ample  ventilation 
is  secured.    The  total  area  of  glass  is  upwards  of  60,000  square  feet. 

We  might  introduce  the  splendid  new  roofs  over  the  stations  at  Birming- 
ham and  Paddington — ^the  first  by  Messrs.  Fox,  Henderson,  &  Co.,  the  latter 
from  designs  by  Mr.  Brunei;  but  as  these  are  familiar  to  travellers, 
architects,  and  builders,  it  will  not  be  necessary  to  describe  them  here.  We 
may,  however,  notice,  that  in  France  some  beautiful  roofis  have  been  con- 
structed of  wrought-iron ;  that  over  the  Paris  and  Versailles  railway-station 
is  composed  entirely  of  riveted  plates  and  angle  iron:  others  are  also  in  use 
similar  to  those  constructed  in  this  country.  All  these  structures  are  to  be 
seen ;  and  we  recommend  them  to  the  patient  examination  of  the  mechanical 
student  as  substantial  lessons  in  practical  science. 

Iron  Buildings. — Before  leaving  the  subject  of  the  application  of  iron, 
we  would  refer  to  the  manu£EU2ture  of  houses,  churches,  &c.,  entirely  of  iron, 
which  has  assumed  an  important  place  in  iron  application  of  late  years.  The 
difficulty  of  obtaining  building  materials,  and  the  high  price  of  labour  in 
Australia  and  other  colonial  settiements,  has  created  a  demand  for  construc- 
tions of  this  kind,  which,  being  prepared  in  England,  may  be  taken  out  and 
put  up  in  a  short  time,  and  without  much  labour.  The  bulk  and  weight  of 
wooden  constructions  have  rendered  them  to  some  extent  unavailable  in  this 
respect;  and  hence  recourse  has  been  had  to  iron,  which  has  answered  the 
purpose  admirably,  both  as  regards  durability  and  security  from  fire. 

One  of  the  earliest  attempts  to  employ  iron  in  this  way  was  made  by 
Mr.  Fairbaim  in  1839,  when  he  constructed  an  iron  corn-mill  for  the  Seras- 
kier,  Halil  Pasha,  Commander-in-Chief  to  the  Sublime  Porte.  The  walls 
were  of  plates  of  sheet-iron  of  suitable  thickness,  consolidated  and  bound 
together  by  cast-iron  columns  and  by  strong  cast-iron  girders.  It  is  sur- 
mounted by  an  arched  roof,  formed  of  plates  of  corrugated  sheet- iron ;  and 
forms  probably  one  of  the  finest  and  most  perfect  iron  constructions  executed 
in  this  country.  The  interior  was  intended  to  be  lined  with  wire-gauze,  and 
plastered  so  as  to  leave  a  stratum  of  air  between  the  interior  plaster  and  tiie 
external  plates.  This  building  was  erected  at  Constantinople,  and  is  now 
occupied  as  a  flour-mill. 

Fig.  62  is  a  sectional  elevation  of  an  iron  custom-house,  constructed  by 
Messrs.  E.  T.  Bellhouse  &  Co.,  of  Manchester,  and  will  serve  to  show  to  what 
extent  iron  may  be  applied  in  constructions  of  this  kind.  This  custom-house 
was  intended  for  the  town  of  Payta,  in  Peru;  and,  together  with  a  large  iron  - 
warehouse,  was  erected  in  Messrs.  Bellhouse's  yard,  and  then  taken  to 
pieces  in  sections  and  transmitted  to  its  destination. 

It  consists  of  a  square  block  seventy  feet  each  way,  of  two  lofty  stories, 
surrounded  by  a  balcony  at  the  second  floor  level  and  an  ornamental  veranda, 
each  projecting  two  yards  from  the  fiice  of  the^building.  The  roof  inclines 
upwards  from  each  side,  meeting  at  a  square  platform  C  twenty-three  feet 
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across,  and  above  which  rises  a  circular  tower,  B,  seventeen  feet  high  and  fif- 
teen feet  in  diameter,  which  is  saimoimted  by  an  upper  circular  tower,  A,  and 
flag-Btafil    The  external  shell  consists  of  strong  cast  iron  pilasters  and  cross 


Fig.  53. 

pieces  of  wrought  angle-iron,  to  which  are  bolted  the  galvanized  corrugated 
sheets  No.  16  wire- gauge.  The  whole  of  the  sides  and  ceilings  of  the  various 
rooms  and  passages  are  lined  with  boarding,  upon  which  Croggon's  patent 
inodorous  felt  is  nailed,  which  will  be  papered  with  common  lining  paper, 
and  finished  with  coloured  paper-hangings.  Windows  opening  in  the  manner 
of  French  casements  afford  light  to  the  rooms. 

Fig.  63  represents  a  cross  section,  and  Fig.  54  a  side  view  of  the  cross- 
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bar  of  angle-iron  A  and  timber- batten  B,  to  which  are  attached  the  gal- 
Tanized  coiragated  sheets  G  on  the  outside,  and  the  lining-boards  D  on  the 


Fig.  53. 


In  closing  these  remarks,  it  is  evident  that  there  is  yet  much  to  be  done 
on  the  part  of  the  architect  and  engineer  in  the  appliance  of  iron  to 
the  construction  of  buildings ;  and  it  ia 
much  to  be  regretted  that,  notwith- 
standing the  extent  of  the  iron  manu- 
fftoture  of  this  country,  and  the  com- 
paratiye  cheapness  of  production,  we 
should  be  behind  our  continental  neigh- 
bours in  its  application  to  buildings  and 
dwelling-houses. 

With  all  our  boasted  skill  and  our  immense  production,  we  have  never 
been  able  to  roU  iron  beams  nor  apply  them  to  the  same  extent  as  the 
French ;  and  our  architects  hare  almost  totally  neglected  the  application  of 
this  important  and  highly  useful  materiaL  Whether  this  omission  arises 
from  prejudice  or  ignorance,  or  from  both,  we  are  unable  to  determine ;  but 
such  has  been  the  apathy  or  want  of  foresight  of  this  class  of  men,  that  they 
haye  allowed  others  of  more  humble  pretensions  to  go  before  them.  There 
is  now  open  for  some  young  and  active  aspirant  a  new  and  a  wide  field  of 
action  in  construction  as  well  as  design ;  and  it  only  requires  a  man  of  taste 
and  original  thought  to  strike  out  for  himself  a  perfectly  new  style  of  archi- 
tecture, founded  on  a  more  accurate  knowledge  of  the  properties  of  iron  and 
its  appliance  to  the  wants  of  his  profession. 


CHAPTER  XXn. 

ON  Xf[B  APFIICAXIOM  Or  CAST  AND  WB0T7GHT-IB0N  TO  RAILWAYS, 
BRIDGES,   &0. 

Thb  consumption  of  iron  for  railway  purposes  and  for  bridges  has  been  so 
enormous  since  1830,  as  to  be  sufficient  in  itself  to  mark  the  commencement 
of  a  new  era  in  the  history  of  its  application.  At  no  former  period  in  the 
history  of  nations  did  changes  of  such  magnitude  ever  take  place;  and 
considering  the  thousands  of  miles  of  railway  which  have  since  been  con- 
structed, at  home  and  abroad,  including  the  immense  amount  of  rolling 
stock, — and  moreover  when  we  consider  that  iron*  shipbuilding  commenced 
about  ihe  same  period, — ^it  will  be  evident  that  the  impetus  given  to  the  iron 
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manufacture  of  this  country  has  been  tmparalleled  in  its  extent  in  the  history 
of  any  other  manufacture,  that  of  cotton  probably  alone  excepted. 

In  railway  constructions,  iron  is  employed  almost  to  tlie  exclusion  of  every 
other  material  The  rails,  chairs,  and  machinery,  are  almost  entirely  of  iron ; 
and  even  the  carriages,  waggons,  and  other  appliances,  are,  in  many  cases,  of 
the  same  material.  The  wheels,  tyres,  springs,  and  draw-bars,  are  all  of  this 
material ;  and  even  the  coverings  of  many  of  the  carriages  and  waggons  are 
composed  of  ii*on  frames  and  plates. 

The  forms  of  the  rails,  chairs,  and  the  wheels  which  run  upon  them,  are 
so  well-known  as  scarcely  to  require  a  description.  The  rails,  however, 
vary ;  and  we  shall  therefore  give  a  brief  sketch  of  their  application.    In  the 

earlierst  ages 
of  railroad  con- 
struction, the 
lines  laid  down 


ri?.  55. 


from  the  collieries  at  Newcastle  on-Tyne  to  the 
river  were  (in  the  reign  of  Charles  II.)  com- 
posed of  longitudinal  pieces  of  wood  laid  on 
transverse  sleepers.  These  continued  for  many 
years  without  change,  excepting  only  occa- 
sional repairs  of  thin  iron  bars  nailed  on  the 
surface  of  the  wooden  rails.  About  the  year 
1807,  the  introduction  of  iron  was  first  at- 
tempted, the  rails  then  used  being  made  of 
cast-iron  three  feet  long,  and  of  the  fish-bellied 
form,  shown  in  Fig.  65.  These  subsequently  gave  place  to  the  malleable- 
iron  rail — still  fish  bellied — ^until  at  last  it  was  found  more  desirable  to  have 
the  parallel  rail  with  top  and  bottom  flange,  as  shown  in  the  accompanying 
diagrams.  Figs.  56,  57,  and  58,  in  which  it  is  seen  as  it  appears  when  fixed 
in  its  chair,  fastened  down  by  pins  or  trenails  to  a  transverse  sleeper  em- 
bedded in  the  ballast  of  tlie  roadway.    As  a  substitute  for  this  rail,  other 


Fig.  56.— Flan. 


Fig.  57.— Section. 


Fig.5«. 


forms  have  subsequently  been  used ;  such,  for  instance,  as  the  box-rail,  Fig. 
50,  which  lies  direct  upon  a  longitudinal  sleeper  throughout  its  whole  length, 
and  the  large  trough,  or  saddle-back  rail,  which  is  somewhat  similar -to  Fig. 
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59,  but  with  flanges  spread  out,  so  as  to  rest  upon  the  gi-avel,  without  sleepers, 
requiring  only  tie-rods  and  wooden  frames  about  every  six  feet  to  keep  it  in 
gauge.  The  wheels  of  locomotive  engines,  carriages,  and  waggons,  are  all  of 
iron,  with  malleable-iron'  tyres,  which  latter  never  vary  their 
sectional  form,  whatever  may  be  the  diameter  of  tlic  wheel  or 
the  nature  of  the  load  they  have  to  bear. 

The  next  structures  to  which  iron  is  applied  upon  a  lai-ge 
scale  are  bridges;  and  the  employment  of  these  is  not  confined 
to  railways,  but  is  extended  to  all  cases  where  wide  valleys 
and  rivers  have  to  be  crossed. 

bon  Bridges. — Iron  bridges  are  of  recent  origin;  and  although  the 
powers  of  resistance,  rigidity,  and  other  properties  of  this  material,  have 
been  known  from  an  early  period,  its  uses  for  many  centuries  were  limited 
to  instruments  of  war  and  purposes  of  agriculture,  by  tlie  difficulty  with 
which  it  was  worked,  and  the  cost  at  which  it  was  produced.  But  as  civil- 
ization advanced,  and  the  useful  and  industrial  arts  increased,  the  manufac- 
ture of  iron  from  the  ores  became  a  matter  of  deep  importance ;  and  hence 
followed  improvements  in  the  manufacturing  processes,  which  cheapened  the 
production,  whilo  the  demand  for  it  was  greatly  increased  by  its  application 
to  purposes  for  which  it  had  been  supposed  it  could  never  be  employed. 
Amongst  these  were  bridges ;  and  the  first  successful  application  of  iron  to 
these  constructions  was  the  cast-iron  arch  across  the  Severn  at  Colebrook- 
dale,  erected  in  1779.  It  is  stated  that  attempts  were  made  in  Italy  and  in 
France  at  an  earlier  period  to  construct  cast  iron  bridges,  but  they  were 
never  erected ;  and  their  introduction  properly  belongs,  therefore,  to  Mr. 
Pritchard,  the  designer,  and  to  Messrs.  Darby  and  Reynolds,  the  con- 


Fig.  GO. 


stnictopB,  of  the  Colebrookdalo  Bridge.  Fig.  60  is  an  elevation  of  this  bridge, 
which  consists  of  five  ribs  of  100  feet  span  each,  consisting  of  three  concen- 
tric lings  of  cast-iron,  one  only  being  entire.  This  is  doubtless  a  defective 
construction;  but  considering  the  imperfect  state  of  our  knowledge  at  the 
time,  it  is  probably  as  perfect  as  could  reasonably  have  been  expected,  as  a 
first  essay  in  iron  construction  on  so  large  a  scale. 

The  next  cast-iron  bridge  was  one  of  180  feet  span,  erected  by  Telford 
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over  the  Severn,  near 
Shrewsbury,  in  1705; 
and  soon  after  the  Wear- 
month  Bridge,  from  the 
designs  of  Mr.  Thomas 
Wilson,  was  construct- 
ed  over  the  Wear  in 
1796.  This  extraor- 
dinary bridge  is  remark- 
able alike  for  the  length 
of  the  span  (236  feet), 
the  boldness  with  which 
it  was  conceived,  and 
the  rapidity  with -which 
it  was  constructed. 
Messrs.  Walker,  of 
Botherham,  were  the 
contractors;  and  whe- 
ther we  consider  the 
vastness  of  the  experi- 
ment, or  the  airy  light- 
ness of  the  structure,  at 
a  hciglit  of  100  feet  above  tlie  river,  we  must  at  once  admit 
tliat  it  is,  up  to  tJiis  peiiod,  oue  of  the  largest  and  most  suc- 
cessful developments  of  iron  construction.  The  bridge  con- 
sists of  six  ribs  of  444  feet  radius,  placed  at  distances  of  six 
feet  apart,  and  having  a  rise  or  versed  sine  of  thirty-four  feet. 
Kiicli  lil)  (^ousii^ts  of  lO.'t  sp^jinentiil  castings;  they  are  formed 
into  panels  by  radial  bars,  which  form  voussoirs,  105  of  which,  united  by 
wrought-iron  arcs,  fitted  in  grooves  and  secured  in  bolts,  form  a  lib.  The 
spandrils  are  filled  up  with  cast-iron  circles,  supporting  the  roadway,  which 
give  a  degree  of  airy  Hghtness  to  the  construction  tlmt  borders  on  insecurity. 
It  has,  nevertheless,  stood  the  test  of  more  than  half  a  century;  but  at  pre- 
sent, we  believe,  it  is  under  consideration  to  have  it  strengtliened  or  replaced 
by  a  wider  and  more  substantial  structure. 

Immediately  after  the  construction  of  the  Wearmouth  Bridge,  several 
other  similar  constructions  followed ;  and  in  1801  Mr.  Telford  sent  in  designs 
for  a  cast-iron  bridge  of  six  hundred  feet  span,  and  with  a  rise  of  sixty-five  feet 
above  high- water,  intended  to  replace  one  of  the  London  bridges.  This  splen- 
did arch  across  the  Thames  was  commenced,  but  was  afterwards  abandoned. 
In  1819,  the  late  Mr.  John  Bennie  erected  the  Southwark  cast-ii-on  bridge, 
which,  for  architectural  effect  and  colossal  proportions,  stands  unrivalled  in 
the  history  of  cast-iron  bridges.  For  simplicity  in  construction,  extent  of 
span,  and  the  durable  character  of  the  structure,  as  a  whole  it  has  no  com- 
petitor, even  at  the  present  day,  among  the  numerous  bridges  of  this  descrip- 
tion which  have  been  erected  since  that  time. 
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One  of  the  most  beautiful  of  this  description  of  bridges  constructed  in 
this  country  is  that  of  Tewkesbury,  designed  by  Telford.  It  is  of  170  feet 
span,  and  consists  of  six  ribs,  and  spandrils  of  light  diagonal  work.  It  has  a 
rise  of  seventeen  feet. 

Fig.  61*  represents  two  out  of  the  three  arches  of  a  beautifdl  bridge 
erected  over  the  Trent.  Each  arch  is  of  100  feet  span  and  10  feet  rise ;  every 
rib,  together  with  the  roadway  bearer  and  its  supports,  was  made  complete 


fig.  Gi; 
in  three  single  castings  by  the  Butterley  Company.    The  total  weight  of 
cast-iron  in  this  bridge  is  280  tons,  and  of  wrought-iron  6  tons ;  the  roadway 
is  of  timber,  and  carries  a  railway. 

Cast-bon  Gixder  Bridc«s. — Other  bridges  besides  those  of  the  cast- 
iron  arch  have  been  introduced,  chiefly  for  small  spans ;  and  these  are  called 
beam  or  cast-iron  girder  bridges.  They  have  been  in  great  demand  for  rail- 
ways where  the  span  does  not  exceed  forty  or  fifty  feet,  and  they  are  also 
used  for  common  roads  crossing  canals,  &c.;  but  in  spans  above  fifty  feet 
they  cannot  be  depended  upon,  unless  formed  in  parts  and  jointed  together 
with  bolts.  The  best  form  in  the  larger  spans  is  the  flat  arch,  with  a  versed 
sine  of  about  ^o'th  the  depth  of  the  chord.  This  description  of  beam  partakes 
of  the  properties  of  the  beam  as  well  as  the  arch :  unlike  some,  it  does  not 
entirely  depend  upon  voussoirs  as  an  arch  of  equilibrium,  being  partij^  retained 
in  form  by  the  unyielding  nature  of  the  abutments  resisting  the  thrust  of  the 
weight ;  and  from  its  connection  at  the  joints  by  bolts,  it  becomes  a  beam 
witii  a  large  camber,  supporting  the  load  by  its  resistance  to  compression 
and  extension. 

Bowstring  bridges,  having  the  roadway  suspended  from  strong  cast-iron 
arches,  have  also  been  introduced ;  but  as  these  bridges  are  expensive,  and 
as  all  combinations  of  a  rigid  with  a  ductile  material  are  objectionable,*  it 
will  not  be  necessary  to  enlarge  on  their  construction;  and  the  same  may  be 
said  of  bridges  with  trussed  cast-iron  girders. 

Chain  and  Wiare  Bxidges. — Bridges  upon  the  principle  of  suspension 
are  of  ancient  origin,  and  appear  to  have  been  used  from  an  early  date  in 
CJhina,  and  among  the  Peruvians ;  they  were  composed  of  ropes,  on  which 
the  roadway,  consisting  of  logs  of  trees  laid  transversely,  was  placed ;  but 
they  were  of  primitive  construction,  and  being  composed  of  perishable 
materials,  were  never  used  where  a  more  durable  structure  could  be  erected. 
Their  introduction  into  Europe  is  due  to  the  use  of  iron ;  and  the  first  suspen- 

•  See  experUnente  on  the  trussed  cast-iron  girders,  page  417,  et  seq. 
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siou  bridge  thus  constructed  was  thrown  across  the  river  Tweed  near  Mel- 
rose. Another  suspen'^on  bridge,  composed  of  chains  and  designed  by  Captain 
Brown,  spans  the  Tweed  a  little  above  Berwick.  After  this  the  Newhaven 
and  Brighton  chain-piers  were  erected,  and  ultimately  the  colossal  structures 
of  the  Conway  and  Mcnai  Straits.  Some  beautiful  bridges  of  this  description 
have  also  been  built  by  the  late  Mr.  Tiemey  Clark ;  one  at  Hammersmith, 
and  anotlier  crossing  the  Danube  at  Pestli.  Wire  bridges  have  also  been 
constructed  in  this  countiy ,  but  only  to  a  limited  extent ;  they  are,  however, 
much  in  demand  in  many  parts  of  France  and  Germany,  and  we  may 
instance  tliose  over  the  Rlione,  and  the  light  and  elegant  structure  of  870 
feet  span  at  the  town  of  Freiburg,  in  Switzerland.  Most  of  these  bridges 
are  composed  of  wire  botmd  into  ropes  and  cables  of  strengtli  proportional  to 


¥is  62. 

the  extent  of  the  span  and  the  load  they  are  intended  to  bear.  As  all  these 
bridges  are  on  the  principle  of  the  catenary,  whel^er  formed  of  wire  or  of 
chains,  it  will  be  sufficient  to  take  one  or  two  of  the  best  as  examples  of  the 
whole. 

Fig.  62  represents  the  Freiburg  suspension  bridge  over  the  valley  of  the 
Sarine,  of  the  enormous  span  of  870  feet,  and  107  feet  above  the  level  of  the 
liver ;  and  for  boldness  of  conception  and  beauty  of  execution,  it  is  a  model 
of  its  class. 

The  bridge  is  composed  of  four  main  cables,  two  on  each  side  of  the  road- 
way ;  each  of  these  is  composed  of  twenty  strands,  which  were  made  and 
raised  to  their  place  separately,  on  account  of  the  difficulty  of  raising  so 
great  a  weight  entire.  These  strands  are  composed  of  wire  about  one-tenth 
of  an  inch  thick,  laid  parallel  and  subjected  to  a  testing  strain  of  220  lbs. 
each,  and  tlien  bound  together  by  wire  at  every  three  or  four  feet,  and  coated 
with  a  mixture  of  oil,  litharge,  and  soot,  to  prevent  their  rusting.  Each 
cable  consists  of  twelve  strands  of' fifty-six  wires  each,  and  eight  of  forty- 
eight  \^ires  each,  bound  up  into  a  cylindrical  form  by  wire  at  eveiy  second 
foot;  and  when  complete  was  five  and  a  half  inches  in  diameter,  and  1228 
feet  long. 

The  piers  on  either  side  are  founded  on  the  solid  rock,  and  rise  sixty-six 
feet  above  the  level  of  the  road.  They  present  to  the  passenger  an  arched 
opening  foriy-threc  feet  high,  each  of  the  sides  bearing  three  pilasters  and  an 
entablature  gracefully  arranged  as  a  Doric  portico.    In  the  upper  part  of  tlie 
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piers  is  placed  the  apparatus  for  receiving  the  cables;  it  consists  of  three 
rollers,  giving  as  many  points  of  support  to  the  cables,  wliich  are  allowed  to 
spread  out  and  form  a  band  at  these  points.  Every  facility  is  afforded  by 
these  friction  rollers  for  slight  movements  of  the  cables,  in  consequence  of 
changing  temperature  or  similarly  acting  agents ;  while  by  their  disposition 
the  cables  are  not  damaged  by  sudden  bends. 

Beyond  the  piers,  sloping  galleries  are  cut,  at  the  bottom  of  which  are 
four  shafts,  sunk  to  a  depth  of  fifty-two  feet.  In  these  masonry  is  fitted  to 
support  the  cables,  which  are  carried  down  to  the  bottom  and  there  secured. 

When  the  cables  had  been  raised  to  their  position,  and  the  strands  on 
each  side  bound  into  two  cables  by  iron  wire, 
the  suspension  cords,  as  shown  in  Fig.  63,  were 
fixed  by  saddles,  e,  embracing  the  cables.  At 
the  bottom  a  stirrup  and  hook-loop  supports  the 
cross-beams,  over  which  are  the  longitudinal 
planking,  &c.  The  suspension  cords  consist  of 
thirty  wires,  and  are  one  inch  in  diameter. 
The  width  of  the  roadway  is  twenty-one  feet; 
the  deflection  of  the  main  cables  sixty  three  and 
a  quarter  feet;  weight  of  the  bridge,  296  tons; 
cost,  Je24,000. 

Another  bridge  of  colossal  dimensions  has 
been  erected  over  the  Niagara  river  below  the 
Falls.  It  carries  the  railroad  which  connects 
Canada  with  the  state  of  New  York,  and  is  com- 
posed, like  the  Freiburg  bridge,  of  four  wire 
cables,  each  ten  inches  in  diameter  and  com- 
posed of  8640  wires.  From  the  suspending 
quality  of  the  wire,  it  is  calculated  to  bear  up- 
wards of  120,000  lbs.  per  square  inch.  It  is  of 
821  feet  span  and  245  feet  above  the  river,  and 
has  been  in  operation  for  nearly  three  years. 

It  was  our  intention  to  have  given  a  drawing  of  one  of  the  most  important 
and  colossal  chain  bridges  that  has  yet  been  executed,  namely,  the  Menai  Sus- 
pension Bridge,  designed  and  executed  by  the  late  Mr.  Telford ;  but  we  have 
already  exceeded  our  limits,  and  must  content  ourselves  with  a  brief  notice 
of  this  important  structure,  rather  than  a  description  calculated  to  do  jus- 
tice to  a  work  that  cannot  be  looked  upon  in  any  other  light  than  as  a  great 
national  undertaking.  Suffice  it,  therefore,  to  observe  that  the  Menai  Suspen- 
sion Bridge  was  the  first  structure  of  the  kind  to  unite  the  Island  of  Anglesey 
with  the  mainland,  at  a  narrow  point  of  tiie  Straits  a  littie  above  the  old 
Bangor  ferry.  It  is  560  feet  span,  and  100  feet  above  the  tide- way;  and  the 
towers,  composed  of  Anglesey  marble,  approach  close  to  the  edges  of  the  rock 
on  each  side,  so  as  not  to  impede  or  in  any  way  injure  the  navigation  of  the 
Straits. 

For  symmetrical  appearance,  and  due  proportion  of  the  parts,  this  speci- 
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men  of  the  catenary  principle  is  one  of  the  best  and  most  effectiye  stractares 
that  has  yet  been  completed  in  this  or  any  other  eoontry. 

In  the  manufacture  of  the  chains,  a  great  improvement  has  been  effected 
since  the  completion  of  Mr.  Telford's  bridge  across  the  Menai  Straits.  Hie 
bars  or  plates  which  form  the  links  were  in  past  time  forged  into  shape  at 
the  ends  for  boring,  to  receive  the  link-pin,  and  were  then  welded  together 
to  the  proper  distance ;  but  as  these  welds  were  sometimes  imperfect,  and 
as  the  security  of  the  bridge  depended  upon  the  soundness  of  every  link,  it  was 
reserved  for  Mr.  Tiemey  Clark,  and  Messrs.  Howard  and  Eavenhill,  Ber- 
mondsey,  London,  to  obviate  this  defect  by  an  ingenious  adaptation  of 
machinery  for  rolling  the  links  to  the  required  shape  and  length,  at  one 
and  the  same  process.  This  method  of  construction  removed  all  objections, 
and  insured  perfect  safety,  in  so  far  as  regards  the  soundness  of  the  material 
Fig.  64  is  a  representation  of  one  of  these  links,  generally  about  six  feet  long, 

five  or  six  inches  wide,  ^ . — i 

and  one  inch  tliick;  sis  LL^  — ^ 

or    eight    of   these    are 

united  by  a  strong  pin, 

duly  proportioned  to  the 

strength    of  the   plates.  Hg.  w. 

These  links  were  first  used  in  the  bridge  over  the  Danube  at  Pesth,  and 

subsequently  for  raising  the  Conway  and  Britannia  tubes. 

Anotlier  structure  of  a  similar  kind  to  those  denominated  chain  bridges, 
is  known  as  Dredge's  suspension  bridge ;  and  the  principle  on  which  it  is  con- 
structed is  said  to  effect  an  important  economy  of  material.  Mr.  Dredge, 
instead  of  making  his  chains  of  the  same  strength  throughout,  makes 
them  of  sufficient  strength  at  the  points  of  suspension  to  support  with  safety 
the  greatest  possible  load  which  can  be  brought  upon  the  bridge,  and  tapers 
or  diminishes  them  from  thence  towards  the  middle  of  the  bridge,  where  l^e 
strain  becomes  essentially  evanescent. 

There  is  another  peculiarity  about  Mr.  Dredge's  bridge — ^viz.  that  the 
suspending  bars  which  support  •the  roadway  are  hung  obliquely,  not  verti- 
cally, at  angles  which  vary  in  magnitude  from  the  abutments  to  the  middle 
of  tiie  bridge.  Each  bar  is  considered  to  perform  its  part  in  supporting  l^e 
load,  in  proportion  to  its  distance  from  the  abutment,  drawn  into  the  sine 
of  the  angle  of  its  direction ;  so  that  the  entire  series  of  suspending  bars 
transmits  the  same  tension  to  the  points  of  support  as  would  be  transmitted 
by  a  single  bar  reaching  from  thence  to  the  middle  of  the  bridge. 

Fig.  05  is  an  elevation  of  a  bridge  on  this  principle,  erected  atBalloch  Ferry, 
Dumbartonshire,  which  will  explain  this  method  of  construction.  The  entire 
length  of  the  bridge  is  202  feet;  the  length  of  the  middle  span  200  feet;  road- 
way 20  feet  wide.  The  piers  are  octagonal  towers,  1 6  feet  by  9  feet  at  the 
base,  and  40  feet  above  the  bed  of  the  river.  The  main  chains  are  formed 
of  }  round  bars,  laid  side  by  side ;  thu*teen  in  number  over  the  towers,  and 
diminishing  by  one  bar  at  every  link,  till  at  the  centre  of  the  bridge  the  chain 
is  reduced  to  a  single  bar.    The  links  upon  the  towers  are  6  feet  long,  the 
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otheni  0  feet  The  weight  of  the  chains  is  18,874  lbs.  The  oblique  rods  are 
of  i  inch  roimd  iron ;  the  chains  being  connected  with  the  platform  by  two 
of  these  at  each  link. 


Fig.  65. 

Several  of  these  bridges  haye  been  constraoted  in  India,  bat  we  have  yet 
to  learn  in  what  respect  they  differ  from  ordinary  suspension  bridges,  either 
in  regard  to  cost  or  security.  It  has  been  asserted  that  they  are  much 
cheaper ;  but  they  must  not  be  considered  as  less  expensiye,  if  a  reduction  of 
price  is  attained  by  the  sacrifice  of  part  of  the  strength  of  the  bridge. 

Tatalavy  TabiUar  CMxder,  and  Plate  Biidges. — ^It  will  not  be  neces- 
sary to  trace  the  origin  and  course  of  the  experiments  which  were  instituted 
to  determine  the  proper  form  of  the  tubular  bridges  which  cross  the  Conway 
Biyer  and  the  Menai  Straits;  they  are  already  well-known.  Suffice  it,  there- 
fore, to  obserye,  that  in  order  to  comply  with  the  demands  of  the  Admiralty 
in  carrying  the  Chester  and  Holyhead  Railroad  across  the  Menai  Straits,  in 
such  a  manner  as  not  to  impede  the  navigation,  it  was  found  necessary  to 
construct  a  bridge  of  colossal  dimensions,  having  four  spans,  and  leaving  a 
clear  opening  on  each  side  of  the  centre  pier  of  460  feet,  with  an  elevation  of 
100  feet  between  the  bridge  and  the  high-water  level. 

This  could  not  have  been  accomplished  by  the  ordinary  applications  of 
iron,  such  as  cast-iron  arches  or  chain  bridges;  the  former  not  giving  suffi- 
cient height  above  the  water-level,  and  the  latter,  from  their  flexibility,  having 
been  shown  to  be  inadequate  for  the  support  of  railway  trains'!'  and  railway 
traffic.  It  was  ultimately  resolved  to  erect  wrought-iron  tubes,  through  which 
the  trains  might  pass.  This  project  of  crossing  the  Straits  was  considered 
by  some  mathematicians  and  engineers  at  the  time  as  perfectly  Utopian; 
and  it  was  left  to  Mr.  Stephenson  and  Mr.  Fairbaim  to  solve  the  problem 
by  carrying  it  into  effect.  A  laborious  series  of  experiments  was  insti- 
tuted, which  pointed  out  the  principle  on  which  such  a  structure  should  be 
designed,  determined  the  formula  for  calculating  its  strength,  and  established 
an  entirely  new  system  of  construction. .  These  experiments  have  already 
led  to  the  use  of  wrought-iron  to  an  immense  extent,  and  have  afforded  to 
the  public  greatly  increased  fetcilities  for  railway  and  other  communication. 

It  may  be  observed,  that  the  original  conception  was  to  have  a  cyhndrical 
or  elliptical  tube  supported  by  chains — ^the  former  giving  sufficient  rigidity 
to  prevent  the  dangerous  vibratory  action  of  ordinary  suspension  bridges, 
the  latter  affording  the  necessary  support ;  but  the  experiments  led  to  a 

*  The  only  sucoeflsfol  application  of  the  suspension  bridge  to  railway  purposes  is 
the  Niagara  Bridge ;  but  this,  although  stiffened  in  every  possible  manner,  can  only 
be  safely  crossed  at  the  rate  of  about  throe  or  four  mUes  an  hour. 
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different  and  much  more  satisfactory  construction,  by  showing  tbat  the 
tubes  might  be  made  self-supporting,  and  much  stronger,  more  rigid,  and  less 
expensiye  than  could  have  been  secured  by  the  employment  of  any  o&er 
auxiliary  support.  The  following  general  deductions  from  the  ezperimentB 
will  be  instructive : — 

Comparative  WnghU  and  Strengths  of  Cylindrical  Tubes. 


No.  of 
Exp. 

DiBt.b€twn. 
supports. 

Weight  of 
tube. 

Breaking 
weight. 

Batio. 

Diameter. 

Thickness. 

ft.    in. 

lbs. 

lbs. 

in. 

in. 

1 

17    0 

102 

3040 

1 :  290 

1218 

•034 

3 

17    0 

107 

2704 

1 :  26.2 

1200 

•037 

3 

iS    ^* 

392 

11,440 

1 :  291 

12-40 

•181 

4 

23    6 

334 

6400 

1 :  191 

18-26 

•068 

5 

23    6 

346 

6400 

1 :  18-6 

17-68 

•068 

6 

23    6 

777 

14,240 

1 :  18-3 

18-18 

•119 

7 

81     3| 
81     8| 
81     3} 

907 

9760 

1 :  10-7 

2410 

•096 

8 

1886 

14,240 

1 :  10-2 

24*30 

•096 

9 

1005 

10,880 

1 :  10-8 

24-20 

•186 

Comparative  Weights  and  Strengtlis  of  Elliptical  Tubes, 


No.  of 
Exp. 

Distance  between 
supports. 

Weiffht 
of  tube. 

Breaking 
weight. 

Batio  of  weight 
to  strength. 

Dimensions  of  tabe. 

Diameters. 

Tnms.     Gonjug. 

ft.  in. 

lbs. 

lbs. 

in. 

in. 

19 

17    0 

109 

2,100 

1  :  192 

14-62 

9*26 

20 

24    0 

708 

17,076 

1  :  241 

21-66 

13-60 

21 

24    0 

857 

7,714 

1  :  21-7 

21-26 

14-12 

22 

18    6 

232 

6,867 

1  :29-6 

1200 

7-60 

22 

18    6 

232 

6,648 

1  :  24-3 

1200 

7-60 

24 

17    6 

374 

16,490 

1  :  400 

1600 

976 

ComparaHve  Weights  and  Strengths  qf  Beetangtdar  Tubes. 


No.  of 
Exp. 

Distance  between 

Weight 

Breaking 

Batio  of  weight 

Dimensions  of  tubeJ 

sapports. 

of  tube. 

weight. 

to  strength. 

Depth. 

Width. 

ft.    in. 

lbs. 

lbs. 

in. 

in. 

14 

17    6 

202 

8,738 

1  :  18 

9-6 

9-6 

140 

17    6 

884 

8,278 

1  :2l 

9-6 

15 

17    6 

255 

3,788 

1  :  14 

9-6 

16a 

17    6 

256 

7,148 

1:28 

9-6 

120 

16 

17    6 

317 

6,812 

1:21 

18-25 

9-26 

16<i 

17    6 

317 

12,188 

1  -88 

18-26 

9-2 

17 

24    0 

788 

17,600 

1  :22 

15-0 

2-26 

23 

18    6 

267 

8,812 

1  :33 

13^0 

8-0 

29 

19    0 

500     ,  22,469 

1  :50 

15-4 

776 

Now,  it  may  be  shown  tiiat  the  ratio  of  the  weight  of  a  tube  to  its  break- 
ing-weight,  varies  directiy  as  the  depOi  of  tiie  tube  when  its  length  is  constint ; 
in  order,  therefore,  to  ascertain  the  comparative  slrengths  of  these  tubes,  we 
shaU  reduce  some  of  the  best  of  each  sort  to  the  same  depth 
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Thus,  No8.  4, 20,  and  17,  h&ye  neaxly  the  same  length;  hence,  by  reduc- 
ing  l^em  to  the  same  depth,  we  find  their  relatiye  strengths  to  be  as 
follow : — 

No.  4, 10-6 ;     No.  20,  111 ;    No.  17,  14*6. 
Taking  Nob.  1,  24,  and  15a,  we  find 

No.  1,  24-4 ;     No.  24.  266 ;     No.  15a, 291. 
Again,  for  Nos.  22  and  20,  we  find 

No.  22,24-6;     No.  29,  324. 

Hence  it  appears  that  the  rectangular  tubes  are  the  best,  and  that  the 
eUiptical  ones  are  next  in  order. 

It  is  desirable  that  we  should  have  some  formula,  which  wiQ  enable  us 
to  estimate  the  comparative  strength  of  these  tubes,  whatever  may  be  l^eir 
form  or  relative  dimensions.  For  this  purpose  it  may  be  shown  that  the 
following  formula  is  approximately  true  for  all  tubular  girders, — ^viz. 

yr  =  ^ (I.) 

where  W  =:  the  breaking-load,  A  the  area  of  the  whole  cross  section  of 
the  tube  in  square  inches,  d  =  the  depth  of  the  tube,  I  ^  the  distance 
between  the  supports,  and  C  =  a  constant,  which  must  be  determined  by 
experiment  for  the  particular  form  of  the  tube.  Moreover,  the  value  of  0 
determined  for  different  forms  of  tubes,  will  enable  us  to  ascertain  their  com- 
parative strength.    From  the  above  relation  we  have 


<^=Ai 


(2.) 


Hius,  to  find  the  value  of  this  constant  for  Experiment  20,  we  have 

^      22470  +  1(500)       ,^,,«, 
W  = ^^^ — ^=  10-142  tons 

Z  =  10  X  12,  rf  =  15-4,  and  A  =  7048  square  inches ; 
.  10142  X  19  X  12  _ 

••^-       7-048X16-4     -Alstons. 

Proceeding  after  this  manner,  the  following  tables  have  been  calculated. 

COHPARATIVB  STRENGTHS  OF  TCBES,  INDICATED  BT  THE  VaIUE  OF  C. 

Cylindrical  Tubes. 


No.  of 

Breaking-weight 
in  tons,  orW. 

Area  section,  or 

Value  of  tho 

Exp. 

value  of  A. 

constant  C  in  tons 

1 

1-38 

1-5612 

14-8 

2 

1-23 

1-3948 

150 

6-19 

51032 

15-4 

2-98 

3-3385 

13*5 

2*93 

3  5048 

133 

6-48 

6-7970 

14-7 

413 

M928 

9-9 

8 

6-66 

9-9 

9 

608 

7-4506 

105 
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EUipHcal  Tvhes. 

No.  of 
£zp. 

BreakiTig-veiRht 
in  tons,  or  W. 

Area  section,  or 
ralue  of  A. 

Value  of  the 
constantCintons 

20 
21 
22 
24 

7-78 
3-81 

3-U 
5-49 

7-1824 
3-3300 
3-3720 
7-0010 

14*4 
11-9 
171 
17-8 

Beetangular  Tubes, 


No.  of 

Breaking-weif^ht 

Area  sectioi),  or 

Value  of  the 

Exp. 

in  tons,  or  W. 

value  of  A. 

constant  C  in  tons 

14 

1-71 

8-20 

11-7 

14a 

8-73 

5-82 

15'-8 

15 

1-74 

404 

9-5 

15a 

8-24 

404 

17-8 

17 

803 

800 

19-3 

25 

505 

2-90 

28-6 

29 

1018 

7  05 

21-3 

SO 

5-83 

5-75 

161 

31 

805 

6-78 

151 

33 

37-95 

41-82 

15-1 

35 

58-78 

45-82 

211 

36 

68-56 

50-82 

22-5 

41 

8915 

56-47 

26-7 

In  the  rectaDgolor  tubes,  Nos.  14a,  15a,  17,  25,  29,  35,  86,  and  41,  appear 
to  have  had,  nearly,  a  proper  distribution  of  the  material ;  the  mean  valne  of 
G  estimated  from  these  is  21*5  tons,  which  is  considerably  greater  than  the 
Tslue  of  0  deduced  for  any  of  the  ogrlindrical  or  elliptical  tubes. 

Mean  yalue  of  G. 

For  the  cylindrical  tubes 18'08  tons. 

For  the  elliptical  tubes 15*8  tons. 

For  the  rectangular  tubes 21*5  tons. 

Hence  we  infer  that  ihe  rectangular  form  of  tubes  is  considerably  atxonger 
than  either  the  cylindrical  or  elliptical  form. 

From  the  formula  eq.  (1.)  we  may  deduce  another  formula,  containing,  in 
one  expression,  the  essential  data  of  the  problem.  It  will  not  be  necessaxy 
to  giye  here  the  steps  of  the  inyestigation :  the  result  will  be  sufficient. 

L.  =  (J)'{L-^'.«}ton..    .    .    .(3.) 

which  expresses  the  brealdng-load  L,,  of  a  tube  l^  feet  long,  and  in  all  respects 
timUar  to  an  experimental  tube,  whose  length  is  I  feet,  weight  2w  tons,  and 
breaking-load  L  tons.    This  formtrla  is  convenient  for  calculation. 

Strength  of  the  Contcay  Tube. — ^Experiments  41  and  42. — ^In  the  model 

tube,  Experiment  41,  2  =  75,  L  =  86'25  tons,  tv  =  -g-  =  29  tons.  In 
Experiment  42, 1,  =  400;  hence  we  have  by  eq.  (3.), 
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^.=(f^' 


(86-25  — 


400  —  75 


X2-9 


=  2096  tons,  which  is  the  breaking-load  of  the  tube ;  and  hence  the  breaking- 
weight,  Wi  =  2006  ^ — 2~  ~  2^^^  ^^»  ^^^^  ^^^'  ^^S  ^®  computed  weight 
of  the  Conway  tube. 

Again,  adopting  foimula  (I.),  we  have, 

A  =  1530,  d  =  25-5, 1  =  400,  and  0  =  26-8 ; 

:  2614  tons, 


,,^      AdC_  1530  X  25-5  X  268  . 
'  i    "-  400 


which  nearly  coincides  with  the  former  result. 

Deflections  of  the  Conway  Tube.— -In  order  to  discover  the  law  of  the 
deflections  in  tubular  beams,  we  shall  first  consider  the  results  of  Experiment 
41.  Adding  f  ths  of  the  weight  of  the  tube  to  the  numbers  in  the  column  of 
weights  in  tiie  table  of  results,  we  have — 


No.  of 

Deflecting 

Deflections 

Exp. 

weight  in  tons. 

in  inches. 

4 

70,411 

1-48 

8 

122,797 

2-70 

12 

156,580 

3-58 

16 

172,878 

8-98 

20 

185,225 

4-47 

24 

197,307 

4-81 

Here  we  find  the  approximate  relation  of  the  deflections  and  deflecting 
weights  to  be  expressed  by  the  equality 

43000  1.        ^     * 

That  is,  the  deflection  in  inches  is,  approximately,  the  43,000th  part  of 
the  deflecting  weight  expressed  in  lbs.  This  relation  is  more  accurately 
expressed  by  the  equality 

""  38000 
Making  a  similar  reduction  of  the  table  of  results.  Experiment  42,  on 
the  Conway  tube  itself,  we  have,  regarding  the  weights  as  Md  over  the 
centre  of  the  tube — 


No.  of 
Exp. 

Deflecting 
weight  in  lbs. 

Deflections 
in  inches. 

1 
2 
3 
4 
5 

812 

907 

966 

1018 

1113 

7-91 

902 

9-50 

10-60 

10-95 

Here  the  deflections  are  pretty  nearly  the  lOlst  part  of  the  deflecting 
weights  expressed  in  tons.  Taking  the  breaking-weight  just  determined  to 
be  2600  tons,  we  have  the  ultimate  deflection  of  the  tube  =  t4t  of  2600  = 
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2&'7  inches.    Now,  in  order  to  test  the  accuracj  of  these  calcnlations,  wc 
have  for  similar  tubes  the  following  relation  : — 

that  is,  in  the  present  case  ^^  =  j^ ;  therefore  9  =  25*6  inches,  where  the 

same  result  is  obtained  by  two  processes  perfectly  independent  of  each 
other. 

Tnbvlav  Biidges. — ^The  experiments  to  which  we  have  just  referred. 


F!g.  66. 

proved  that  a  tube  might  be  made  of  sufficient  strength  to  carry  the  heariest 

trains  over  rivers  or  arms  of  the 

sea,  such  as  the  Menai  Straits, 

and  the  result  was  the  erection  of  ■^i|^fc^bdK±flb:S=SdBriB-'"X     I 

the  Conway  and  Britannia  Bridges, 

and  the  introduction  of  a  new  system 

of  construction. 

To  show  the  manner  in  which 
the  material  is  disposed  in  these 
bridges,  we  select  the  Britannia 
Bridge,  of  which  Fig.  66  is  an  ele- 
vation, and  Fig.  67  a  transverse 
section  through  the  centre  of  the 
tube. 

The  Britannia  Bridge  consists 
of  two  wrought-iron  tubes,  through 
which  the  train  passes.  The  cross 
section.  Fig.  67,  will  show  the  pe- 
culiar arrangement  adopted  to  give 
the  required  strength  to  the  top  and 
bottom  of  the  tubes  to  resist  the 
forces  of  tension  and  compression 
acting  at  those  parts.  Itwillbeseen 
that  the  top  is  constructed  with  eight 
cells,  strengthened  at  the  comers 
with  angle  irons ;  thus  securing  a 
large  sectional  area.  The  bottom 
is  constructed  in  a  mmili^^  manner 
with  six  ceUs;  whilst,  to  give 
rigidity  to  the  sides,  and  to  secure  Fig.  67. 
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the  oomiectioii  of  the  joints  between  the  vertical  plates  of  which  they  are 
composed,  X  ^^^  ^  riveted  over  every  joint,  both  outside  and  inside,  and 
is  carried  on  some  distance  along  the  top  and  bottom,  inside.  The  comers 
are  also  strengthened  by  angle  plates  or  gussets,  as  shown  Aiaaaa, 

The  following  table,  giving  the  dimensions  of  both  bridges,  will  be  of 
interest : — 


BrituuuA. 

Conway. 

Total  length  of  each  tube 

Total  length  of  tube  for  both  lines  of  raUway    . 

Qreatest  span  in  the  clear 

Height  of  tubes  at  the  middle 

Height  of  tubes  at  intermediate  piers  .    .    .    . 

Height  of  tubes  at  ends 

Extreme  width  of  tubes 

Number  of  rivets  in  one  tube 

Number  of  rivets  in  the  whole  bridge      .    .    . 

1624  ft. 

3048  „ 

460,, 

23  „ 

14  „  8  ins. 
882,000 
1,764,000 

424  ft. 
848,, 
400,, 
25  „  6  ins. 

22;,"6   „ 
14  „  8   „ 
240,000 
4SO,000 

The  Britannia  Bridge  is  divided  into  four  spans,  the  two  principal  ex- 
tending from  the  pier  on  the  Britannia  Rock  to  the  piers  on  either  side  of  the 
Stndts,  each  being  460  feet  in  the  clear;  and  the  spans  extending  from 
these  smaller  piers  to  the  embankments,  being  each  230  feet  in  the  clear. 
The  bearing  on  the  centre  pier  is  forty-five  feet ;  on  each  side  of  the  inter- 
mediate piers,  thirty-two  feet;  and  on  the  abutments,  seventeen  feet  six  inches. 
In  both  bridges  the  tops  have  the  form  of  a  parabolic  curve.  The  total  weight 
of  the  Britannia  Bridge  is  computed  to  be  10,570  tons,  and  of  the  Conway 
Bridge  2,892  tons.  The  success  of  these  gigantic  structures  called  the 
attention  of  all  engaged  in  engineering  operations  to  the  immense  value  of 
wronght-iron  as  a  material  of  construction.  The  uniform  strength,  the 
focility  with  which  it  can  be  rolled  into  the  various  forms  of  plate,  angle, 
and  ~p  iroio,  and  the  admirable  manner  in  which  it  can  be  joined  by  riveting, 
peculiarly  fit  it  for  such  structures  as  road  and  ndlway  bridges. 

Tnbvlax  CMzd«v  Bildges.— Where  the  span  is  not  very  large,  it  was 
found  advisable  not  to  have  a  large  tube  through  which  the  train  might  pass, 
but  to  have  two  or  three  smaller  tubes,  or  tubular  girders  as  they  are  called, 
with  oross-beams  between  them,  over  which  the  roadway  is  laid.  This 
description  of  bridge  was  first  introduced  by  Mr.  Fairbaim ;  and,  like  the 
tubular  bridges,  was  founded  upon  the  experiments  made  to  determine  the 
strengths  and  forms  of  the  Britannia  and  Conway  Bridges. 


ii5S9k» 


vBir^«^" 


FSg.es. 


The  annexed  elevation  of  the  Gainsborough  Bridge  (Fig.  68)  will  give  some 
idea  of  the  form  of  tubular  girder  bridges.    Its  total  length  is  882  feet,  the 
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two  mam  spans 
being  154  feet 
each;  the  width 
of  bridge  be- 
tween the  gir- 
ders is  twenty- 
six  feet,  giving 
ample  room  for 
a  double  line  of 
railwaj.  The 
thickness  of  the 
centre  pier  is 
twelve  feet,  and 
the  girders 
have  a  bearing 
on  each  land 
abutment  of  six 
feetTheheight 
of  each  girder 
is  twelve  feet  at 
the  centre  pier, 
and  sixteen  feet 
at  the  abut- 
ments, and  its 
width  two  feet 
six  inches;  and 
each  consists  of 
a  hollow  tube 
strengthened 
by  two  cells  at 
the  top,  and  a 
double  thick- 
ness of  a  inch 
plate  at  the 
bottom.  The 
cross  girders 
are  composed  of 
two  beams  of 
wood,  each  six 
inches  broad  by 
fifteen  inches 
deep,  one  bolted 
on  each  side  of 
a  wrought-iron 
plate.  The  gir- 
ders are  placed 


Digitized  by  VjOOQIC 


TUBULAB  GIBDBB  BBIDOB  ACBOSS  THB   SUIB. 


457 


at  an  angle  of  skew  of  50°.  In  all  bodies  submitted  to  a  transverse  straiQ, 
be  they  solid  or  hollow,  those  parts  above  the  neutral  axis  are  subjected  to 
a  force  of  compression,  while  those  below  having  to  support  a  tensile  strain 
or  force  tending  to  tear  them  asunder,  are  exposed  to  compression;  but 
the  parts  about  the  neutral  axis  are  almost  free  from  strain.  Hence 
it  is  that  in  these  structures  the  great  bulk  of  the  material  is  collected 
close  to  the  top  and  bottom,  while  only  sufficient  is  left  in  the  middle 
to  connect  the  two  rigidly  together.  To  accomplish  this,  and  to  attain 
a  maximum  power  of  resistance  to  compression  with  the  minimum  of 
material,  the  cellular  principle  was  adopted  in  the  Britannia  and  Conway 
Bridges ;  and  it  has  also  been  applied  to  the  equally  important  but  less  im- 
posing structure  of  the  bridge  at  Gainsborough. 

It  may  be  interesting  to  add  one  more  example  of  a  tubular  girder 
bridge,  and  we  select  that  across  the  Biver  Suir,  on  the  Waterford  and 
Limerick  Bailway.  This  bhdge  has  been  erected  some  yearsj  and  may  serve 
as  a  correct  example  of  this  description  of  bridge,  though  some  upon  a  much 
larger  scale  are  now  in  process  of  erection.  One  of  these  for  the  Victoria 
Bailway,  Australia,  is  to  cross  the  Salt  Biver,  with  a  span  of  200  feet.  Two 
others  are  to  carry  the  Aberdeen  and  Inverness  Bailway  across  the  rivers 
Spey  and  Findhom;  the  former  bridge  having  a  span  of  230,  and  the  latter 
^  ^        tiiree  spans  of  160  feet  each. 

Fig,  09  is  a  plan,  and  Fig.  70  on  elevation  of  the 
tubular  girder  bridge  erected  by  Messrs.  Fairbaim  and 
Sons,  to  cair>^  the  Waterford  and  limerick  Bailway  across 
the  Suir  at  Cahir.  The  bridge  consists  of  two  abutments 
and  two  piers,  _over  which  two  tubular  girders  are  ex- 
tended for  the  support  of  the  roadway.  The  clear  span 
between  tlie  abutments  and  the  piers  is  50  feet,  and 
between  the  two  piers  150  feet.  The  bearing  surface  on 
the  piers  is  10  feet,  and  on  the  abutments  5  feet. 

It  will  be  observed  that  the  bridge  is  what  is  techni- 
cally called  a  shew  bridge — ^that  is,  it  crosses  the  river 
obliquely ;  and  hence  the  girders  are  not  placed  exactly 
oii|)osite  one  another.    This,  although  it  very  much  in- 
creases tlie  span  to  be  crossed,  is  frequently  necessary 
witli  railway  structures,  to  avoid  the  evil  of  short  curves 
in  the  line  of  tlie  rails.    The  angle  of  skew  in  this  bridge 
is  63'';  or,  in  other  words,  the  direction  of  the  bridge 
crosses  the  direction  of  the  river  at  an 
angle  of  63*'  instead  of  90%  as  would  be 
the  case  if  placed  square  across. 

The  Pien  consist  of  a  large  massive 
foundation  of  masonry,  sixty  feet  long 
by  thirteen  wide,  formed  in  the  shape 
of  a  out-water  at  either  end,  and  rising  up  with  a  slight  batter ;  at  a  height 
of  about  ten  feet,  two  hexagonal  piers  rise  from  each  of  these,  the  side  of  the 
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hexagon  being  about  five  feet  Upon  each  pair,  one  of  the  girders  rests,  at 
a  height  of  forty  feet  above  the  water-level.  The  towers  are  carried  np  about 
sixty  feet  in  all,  and  end  with  a  turret,  in  agreement  with  the  castellaled 
abutments. 

The  Girderi, — Fig.  71  is  a  cross  section  of  one  of  the  girders  at  the  cen- 
tre of  the  great  span ;  Fig.  73 
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Fig.  72. 


a  plan  of  the  bottom  of  one 
side  girder  and  cross-beams,  as 
they  rest  on  the  edge  of  the 
pier ;  Fig.  73,  a  plan  of  the  top, 
and  Fig.  74  a  plan  of  the 
bottom.  The  girder  is  11  feet 
6  inches  deep,  and  3  feet  6 
inches  wide  between  the  ver- 
tical or  S  plates.  The  length 
of  each  girder  is  280  feet 
Their  transverse  section  is  rec- 
tangular throughout ;  and  both 
tiie  sides  and  the  top  and  bot- 
tom are  parallel. 

It  is  evident  that  in  these 
girders  the  greatest  strength 
to  resist  rupture  is  required 
in  the  middle  of  the  span: 
hence,  in  the  Britannia  Bridge 
the  top  was  made  of  a  para- 
bolic form,  the  depth  of  the 
tube  decreasing  from  33  feet 
at  the  centre  of  the  Britan- 
nia Tower,  to  32  feet  9  inches 
at  the  abutments.   In  these 


tubular  girder  bridges,  however,  the  decrease  of  strength  is  generally  effected 
in  another  way.  The  top  and  bottom  are  made  parallel  for  the  sake  of 
simplicity  of  construction;  but  the  thickness  of  the  plates  is  diminished  as 
they  recede  from  the  centre  towards  the  ends. 
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Fig.  71,  which  is  a  cross  section  of  one  girder,  shows  the  arrangement  of 
the  material  of  which  they  are  composed. 
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Tks  I'op  is  divided  into  two  compartments  or  cells,  by  top  and  bottom 
plates  AA  and  BB,  and  three  vertical  plates  W  (Fig.  71).  The  A  and  B 
plates  are  8  feet  long  by  1  foot  6  inches  broad,  so  that  two  placed  side  by  side 
make  the  width  of  the  girder.  They  are  lAr  inch  thick  at  the  centre,  and 
decrease  in  thickness,  so  that  towards  the  ends  they  are  only  A  inch  thick. 
These  plates  are  placed  with  their  ends  abutting  against  each  other,  and  with 
the  joint  on  one  side  opposite  the  middle  of  the  plate  on  the  other  (Fig. 
78).  All  the  joints  are  secured  by  covering-plates  both  outside  and  inside, 
carefully  riveted  with  \  inch  rivets  placed  at  distances  of  three  inches  apart. 
The  vertical  plates  are  connected  with  the  A  and  B  plates  by  angle- irons 
running  the  whole  length  of  the  girder,  and  riveted  at  distances  of  three  inches 
throughout  their  length.  The  V  plates  are  eight  feet  long,  one  foot  two 
inches  wide,  iV  inch  thick  in  the  middle,  diminishing  to  A  at  the  ends  of  the 
girders.  The  angle-irons  also  vary  from  8X8XAto8X8XA.  These 
angle-irons  very  much  increase  the  area  of  the  top,  and  give  great  rigidity  and 
power  of  resistance  to  compression. 

Over  the  shorter  spans  the  centre  vertical  plate  is  removed,  so  that  there 
is  only  one  cell,  the  strength  not  being  required  to  be  so  great  there  as  over 
the  large  span. 

ITie  Bottom  of  the  girder  (Fig.  74)  is  made  of  two  thicknesses  of  plates, 
riveted  together  into  a  thick  double  plate,  so  as  best  to  resist  the  tension  to 
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Fig.  74.- Plan  and  Section. 

which  it  is  subjected.  The  0  plates  which  compose  it  are  rolled  to  the  extra 
length  of  twelve  feet,  in  order  that  there  may  be  as  few  joints  as  possible,  and 
tlie  bottom  resemble  one  long  unbroken  sheet.  The  plates  are  each  i  foot  6 
inches  wide,  and  ii  inch  thick  at  the  middle,  diminishing  to  iV  at  the  ends. 
The  longitudinal  joint  is  covered  by  L  plates  12  feet  by  7  inches,  and 
diminishing  in  thickness  in  the  same  ratio  as  the  0  plates.  The  cross-joints, 
which  are  made  to  alternate,  are  secured  by  covering-plates  above  and  below, 
each  2  feet  8  inches  by  1  foot  2|  inches.  The  position  of  the  covering-plates 
and  L  plates  is  shown  in  Fig.  74. 

The  liveting  of  this  part  requires  the  greatest  care,  as  otherwise  the 
joints  would  materially  reduce  the  strength  of  the  bridge  ;  the  rivets  are  all 
one  inch  in  diameter,  and  are  placed  at  distances  of  four  inches  apart.  Every 
covering-plate  has  twenty-four  rivets,  or  twelve  on  each  side  of  the  jomt,  to 
ensure  the  connection  of  the  parts.  The  tendency  of  the  strain  on  the  lower 
side  of  the  tubes  is  to  separate  or  open  the  joints,  and  on  the  upper  side  to 
force  them  closer  together.  It  follows,  therefore,  that  in  the  one  case  the 
plates  should  be  most  firmly  bound  together  longitudinally ;  and  in  the  other, 
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the  ends  should  be  butted  against  each  other,  and  only  such  a  covering-plate 
should  be  introduced  as  would  prevent  these  ends  buckling  up  and  sliding 
past  one  another.  The  system  of  uniting  the  plates  at  the  bottom  of  these 
bridges  has  been  called  chain-riveting  y  from  the  fiEust^f  the  rivets  being  placed 
one  behind  the  other,  in  the  line  of  the  length  of  the  plates,  giving  them  tbe 
appearance  of  a  chain.  The  loss  of  the  tensile  strength  of  any  plate  weak- 
ened by  the  perforation  of  rivet-holes,  is  in  exact  proportion  to  the  tranwene 
sectional  area  punched  out;  and  the  saving  of  strength  gained  by  the  intro- 
duction of  chain-riveting  will  be  appreciated  when  it  is  stated,  that  the  plates 
are  only  weakened  by  three  holes  across  each  plate,  instead  of  six  or  eight, 
which  would  have  been  requisite  had  the  old  plan  been  followed. 

Ths  Sides  of  the  girder  are  composed  of  large  plates  10  feet  1^  inches  long 
by  2  feet  broad ;  these  are  i^  inch  thick  in  the  middle  of-  the  spans,  and 
-A  inch  thick  over  the  piers,  in  consequence  of  the  strains  upon  them  being 
greater  at  these  parts.  Their  joints  are  covered  on  the  outside  by  strips 
4}  inch  X  A  inch,  and  on  the  interior  by  ^  irons  4J  X  8^  X  A.  These  ~f 
irons  give  considerable  rigidity  to  the  tube,  and  are  connected  with  the  sides 
by  }-inch  rivets  placed  at  distances  of  three  inches  apart.    Over  the  piers 


and  abutments  the  outside  covering- plates  are  replaced  by  ^  irons.  Fig.  79 
is  an  elevation  of  the  outside  of  the  girder,  showing  the  S  and  V  plates,  with 
the  covering-strips,  Ac. 
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About  the  middle  of  the  tnbe  the  small  plates  G,  Fig.  71,  are  riveted  to 
the  opposite  ^  irons  on  the  interior  of  the  tube.  These  serve  to  keep  the 
girder  in  form,  and  prevent  the  sides  bulging  either  way.  ^ 

The  Cro88-beams. — To  support  the  roadway,  a  series  of  1,— 5— * 
wrought-iron  cross-beams  are  stretched  from  one  girder  to  the 
other,  and  over  these  is  placed  the  longitudinal  planking 
which  supports  the  roadway.  These  cross-beams  (section, 
Fig.  76)  are  composed  of  a  vertical  plate,  X  (Fig.  71)  1  foot 
5  inches  deep  and  ih  inch  thick,  with  two  angle- irons  at  the 
top  and  at  the  bottom,  over  which  a  plate  is  riveted,  so  as  to 
form  a  beam  of  the  form  shown  in  Fig.  17  (page  411).  The 
plate  at  the  top  of  these  cross-beams  is  0  inches  wide  and 
-A  thick ;  that  at  the  bottom  9  inches  wide  and  ^  thick.  Two  pieces  of  angle- 
iron  are  fixed  at  each  end,  by  which  they  are  riveted  to  the  side  of  the  girder, 
so  as  to  rest  on  the  ledge  formed  by  the  bottom  angle-iron.  These  cross-beams 
are  placed  at  distances  of  three  feet  apart 

Opposite  the  point  where  the  cross-beams  are  riveted  to  the  side  of  the 
girder,  the  plates  marked  £  (Fig.  71)  are  introduced  (being  riveted  to  the 
opposite  nr  irons),  in  order  to  throw  the  strain  over  the  centre  of  the  girder, 
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Fig.  77. 

and  prevent  the  load  of  the  cross-beams  pulling  the  'girder  out  of  the  perpen- 
dicular. Fig.  72  exhibits  the  arrangement  of  the  cross-beams  close  to  the 
abutments,  with  a  horizontal  section  of  the  girder. 

One  other  provision  remains  to  be  noticed.    A  moment's  consideration 

will  show  that  even  ordinary  changes 
of  temperatnre  will  produce  a  perce])- 
tible  expansion  in  so  large  a  mass  of 
metal.  It  is  computed  that  ordinary 
changes  of  temperature  may  produce  a 
di£ference  of  length  of  as  much  as  six 
inches  in  each  of  the  Britannia  tubes ; 
and  were  not  this  provided  against 
it  would  introduce  a  dangerous  strain. 
In  the  present  bridge  the  girders  are 
Fig.  78.  fixed  at  the  piers  RR,  WW  (Fig.  69), 

on  cast-iron  bed-plates,  the  expansion  between  those  points  not  being  suffi- 
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dent  to  render  this  arrangement  dangerous ;  but  on  the  other  two  piers  there 
is  an  apparatos  of  rollers,  which  allows  free  motion  backwards  or  forwards. 

Figs.  77,  78,  and  79  show  this  apparatos  as  arranged  over  the  piers  YY. 
Ten  wrought-iron  rollers  are  fixed  in  a  frame  which  rests  on  a  cast-iron  bed- 
plate a ;  over  them  there  is  another  oastiron  plate  6,  upon  which  the  girder 
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rests ;  the  rollers  are  four  inches  in  diameter,  and  are  placed  at  eight  inches 
apart.  For  the  abutments  this  apparatus  is  made  with  only  five  rollers. 
Heces  of  hard  wood  are  inserted  between  the  girder  and  the  upper  bed-plate. 

TahU  showing  the  Proper tiona  of  Tubular  Oirder  Bridgettfrom  30 
to  1 50  feet  span : — 


Centre  break- 

Sectional  area 

Sectional  area 

Deptbofthe 

Span. 

infc-wcigbt 

of  bottom  of 

of  top  of  one 

girder  in 

of  bridge. 

one  girder. 

girder. 

tbe  middle. 

Ft.    In*. 

Ton«. 

Inches. 

Inehm. 

Ft.    In«. 

30      0 

180 

14-63 

1706 

2       4 

35      0 

210 

1706 

19-91 

2       8 

40      0 

240 

19-50 

22-75 

3       1 

45      0 

270 

21-94 

25-59 

8      6 

50      0 

300 

24-38 

28-44 

3     10 

55      0 

330 

26-81 

31-28 

4       3 

60      0 

Sf^O 

29-25 

34-13 

4      7 

65      0 

890 

81-69 

36-97 

6       0 

70      0 

420 

84-13 

89-81 

5       6 

75      0 

450 

36-56 

42-67 

6       9 

80      0 

480 

3900 

45-50 

6       2 

85      0 

510 

41-44 

48-34 

6       7 

90      0 

540 

43-88 

61-19 

6     11 

96      0 

670 

46-31 

MOS 

7      4 

100      0 

600 

48-75 

M*88 

7      8 

110      0 

660 

53  63 

e2-M 

8      B 

120      0 

720 

68-50 

68-25 

9      S 

ISO      0 

780 

63-38 

78-94 

10       0 

140      0 

840 

68-25 

79-63 

10       9 

160      0 

900 

7313 

86*31 

11       6 
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Tabk  ihowing  the  PrvparHom  of  Tubular  Oirder  Bridge$,from  160 
to  SOO  feet  span: — 


Gentane  break- 

Sectional area 

Sectional  area 

Depth  of  the 

Span. 

ing-weight 
of  bridge. 

of  bottom  of 

of  top  of  one 

girder  in 
the  middle. 

one  girder. 

girder. 

Ft.     IM. 

Ton*. 

Inches. 

Inches. 

Ft.    Ins. 

160    0 

960 

90-00 

105-00 

10      8 

170    0 

1020 

95-63 

111-56 

11       4 

180    0 

1080 

101-25 

11813 

12      0 

190    0 

1140 

106-88 

124-69 

12      8 

200    0 

1200 

112-50 

131-25 

13      4 

210    0 

J  260 

11813 

137-81 

14      0 

220    0 

1320 

123-75 

144-38 

14      8 

230    0 

1380 

129-38 

150-94 

15      4 

240    0 

1440 

135-00 

157-50 

16      0 

250    0 

1500 

140-63 

164-06 

16      8 

260    0 

1560 

146-25 

170-C3 

17      4 

270    0 

1620 

151-88 

17719 

18      0 

280    0 

1680 

157-50 

183-75 

18      8 

290    0 

1740 

163-13 

190-31 

19      4 

800    0 

1800 

168-75 

196-88 

20      0 

The  strength  of  the  bridge  over  the  Snir  ifi  computed  as  follows : 

The  Large  S^an. 

Seetianed  Area  oftht  Top. 

sq.  ins. 

2platea86XiV =    31'^0 

8     do.  14  X  A     .     .    .    *     •    =    16-38 

2  longitudinal  plates  7  X  A     •    =      6*13 

10  an^e-irona  8  X  3  X  i^     •    .    =    26*25 

82-26 
Sectional  Area  of  tk$  Bottom, 

2  platea  36  X  H =    5400 

2  longitudinal  platea  7  X  il     .    =    10*50 
2  angle-irona  3  X  3  X  it    •    .    =      900 


73*50 


Therefore  by  formula,  V  =  "^j 

78*5  X  138  X  80         Tonw. 

----     =   450-8  =  centre  brealdng^waight  of  one  main  girder. 

1803-2  =breakingweightoflflrfeipan,  load  equally  distributed. 
12-21  =  ditto  per  lineal  fool 

Similarly  we  find  for  the  small  spans : — 


Sectional  i 
Tons. 


L  of  the  top 

bottom  .    := 


■q.  ins. 
=    51-1 


-25 
98*68 


^^^^^600^^^^  ~  ^^^^  ^  oentrabreaking-weight  of  one  main  giider. 

2254*36  rnbreaking-weight  of  small  span,  load  equally  distributed. 
45*11  =  ditto  per  lineal  foot 
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The  above  may  serve  as  an  example  of  the  maimer  in  which  the  strength 
of  all  bridges  of  this  class  is  calculated,  and  the  formula  W  =  -i-  may  be 
regarded  as  sufficiently  accurate  for  all  practical  purposes.  We  may  observe 
in  explanation,  that  W  is  the  weight  which,  placed  upon  the  centre  between 
the  supports,  would  break  the  girder.  Twice  this,  or  2W,  is,  therefore,  the 
weight  which  placed  in  the  centre  would  break  both  girders ;  and  4W  the 
weight  which  would  break  both  girders,  if  it  were  distributed  uniformly  over 
their  whole  surface :  4W  divided  by  the  span  in  feet  gives  the  strength  of  the 
bridge  per  lineal  foot.    Further,  the  formula  only  applies  to  girders  in  which 

the  area  of  the^top  bears  a  propor- 
tion of  at  least  is  :  11  to  the  area  of 
the  bottom. 

Plate  Bridges* — For  small  spans 
not  exceeding  sixty  or  seventy  feet, 
the  tubular  arrangement  is  frequently 
laid  aside,  and  the  girder  constracted 
in  the  form  of  a  simple  beam.  We 
have  already  aUuded  to  this  point, 
and  have  only  to  add  an  example  of 
the  manner  in  which  plate  beams 
are  applied  to  bridges. 

The  great  cause  affecting  the  durar 
bility  of  iron  bridges  is  oxidation, 
arising  from  a  damp  atmosphere; 
and  if  precautions  were  not  taken, 
there  is  reason  to  believe  that  this 
would  be  productive  of  disastrous 
results.  To  obviate  this  defect, 
tubular  and  tubular  girder  brides  are 
designed,  so  that  access  may  be 
gained  to  every  part  for  the  purpose 
of  painting.  Thus,  for  instance,  the 
cells  of  the  Britannia  Bridge  and 
of  the  Suir  Bridge  are  sufficiently 
large  to  admit  a  man  or  a  boy.  But 
in  bridges  of  small  span  tbis  cannot 
always  be  provided  for;  and  hence 
the  superiority  of  a  plate  girder. 
Simplicity  of  construction  and  cheap- 
ness are  also  great  advantages  of  this 
form,  which  more  than  compensate 
for  some  loss  of  strength. 
Fig.  80  is  an  elevation  and  Fig.  81  a  cross  section  of  one  girder  of  a  plate 
bridge  of  50  feet  span.  It  consists  of  two  girders,  each  57  feet  long  and  4  feet 
C  inches  deep.    The  plates  forming  the  top  are  6  feet  long  by  1  foot  6  inches 
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wide,  and  U  thick  in  the  middle  of  the  span.  The  joints  are  covered  with 
strips  1  foot  6  inches  hy  5  inches,  hj  -fy  ineh  thick. 
The  bottom  is  composed  of  plates  12  feet  by  1  foot  6 
inches,  carefully  chain-riveted ;  the  sides  of  plates  3 
feet  by  4  feet  4^  inches,  and  A  inch  thick  at  the  centre 
of  the  span,  and  iV  thick  at  the  abutments.  The  ver- 
tical side  plates  are  connected  with  the  top  and  bottom 
plates  by  angle  irons  4  X  4  X  i*.  To  give  the  girder 
sufficient  rigidity  to  prevent  lateral  flexure,  every  third 
coveiing  strip  connecting  the  vertical  side  plates  is 
replaced  by  a  thick  "f"  iron,  composed  of  two  angle 
irons  (each  6  inches  X  3  inches  XA  inch  thick)  riveted 
back  to  back. 

The  roadway  is  supported 
on  cross-beams  riveted  to  the 
side  plates,  and  placed  at  dis- 
tances of  S  feet  apart.     The 
weight  of  iron  in  the  bridge  is 
about  29^  tons. 
—g-i         As  these  are  not  so  strong 
as  the  tubular  girders,  the  con- 
stant C  in  the  formula, 
a^ 
I 
Hence  in  this  bridge, 


hliuiiiiikijibitiiiiii 


ilUlllilllliKlblilU 


Fig.  81. 


W  = 


is  taken  =  75  instead  of  80  as  before. 


Secti(mali 


I  of  top .    . 
,     bottom 


Centre  breaking^weighty  or  W  = 

Breaking-weight  of  span,  load  equally  dis- 
tributed   = 

Do.  per  hneal  foot = 


25-750  hiches. 
22-875     „ 

22-875  X  54  X  75  _ 
600  "^ 

604  tons. 
12-08  tons. 


151tQllfl. 


Figs.  82  and  88  show  two  modifications  of  the  tubular  and  plate  girder 
which  have  been  adopted  by  some  engineers ;  but  though  of  a  form  admirably 
adapted  for  securing  the  greatest  strength  with  a  given  weight  of  material, 
they  are  of  a  more  complex  form,  rather  more  expensive,  and  liable  to 
corrosion. 

In  these  very  important  constructions  we  might  give  a  greatly  increased 
number  of  examples,  both  as  regards  form  and  the  objects  to  which  they  are 
applied ;  but  within  our  circumscribed  limits  this  camiot  be  accomplished,  and 
we  are,  therefore,  reluctantly  compelled  to  forego  any  further  description  of 
entirely  new  developments,  which  have  enabled  the  engineers  of  the  present 
day  to  accomplish  what  was  only  a  few  years  since  considered  a  perfectly 
Utopian  project.  Now,  wide  rivers,  deep  ravines,  and  valleys,  are  bridged 
over  with  solid  unyielding  structures  of  several  hundred  feet  span,  supporting 
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rolling  loads  of  Beveial  hundred  tons  in  weight  at  a  Telocity  considerably 
beyond  that  of  the  botinding  deer  or  the  fleetest  racehorse. 

Other  constmctions,  such  as  the  Lattice  and  Warner  Bridges,  we  cannot 
touch  npon,  and  must  therefore  condude  by  saying  that  they  have  been 


Fig.  82.  Fig  83. 

greatly  improved  since  the  introduction  of  the  tubular  and  tubular  girder 
bridges ;  in  fact,  they  are  neither  more  nor  less  than  the  tubular  girder 
with  lattice  or  open  sides,  and  the  top  and  bottom  j)roportioned  on  the  same 
principle,  as  deduced  from  the  experiments  and  as  given  in  the  formula  for 
that  principle  of  construction,  care  being  taken  to  reduce  the  constant  for 
the  lattioe  bridge  from  80  to  75. 
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CHAPTER  yyTTT, 

ON  THS  AFPUCATIOM  OF  IRON  TO  8HIP-BUILDIKO. 

Thebe  is  probably  no  branch  of  industry  in  which  the  use  of  iron  is  more 
important  than  that  of  ship-building.  The  strength,  ductility,  and  compara- 
tive  lightness  of  this  material  are  all  in  its  favour;  and,  although  much  has 
been  done  in  the  application  of  iron  to  this  important  purpose,  a  great  deal 
more  remains  to  be  accomplished. 

Vessels  composed  of  iron  plates  have  been  employed  for  more  than  fifty 
years  in  the  navigation  of  canals ;  but  it  is  not  more  than  twenty-five  or 
twenty-six  since  they  were  first  introduced  as  sea-going  vessels.  It  is  true 
that  the  late  Mr.  Aaron  Manby  projected  an  iron  vessel  in  1820,  which  was 
built  in  the  ensuing  year,  and  early  iu  1822  was  navigated  by  Captain  (now 
Admiral  Sir  Charles)  Napier  from  London  to  Havre,  and  on  to  Paris ;  this, 
however,  was  not  a  sea-going  vessel,  but  an  iron  steamer  constructed  for  the 
Seine,  and  which  for  many  years  navigated  that  river  between  Paris  and 
Eouen. 

From  this  period  little  appears  to  have  been  done  in  furtherance  of  the 
application  of  iron  to  the  construction  of  ships  till  1829-30,  when  the  intro- 
duction of  a  new  system  of  traction  at  high  velocities  on  canals  led  to  new 
devdopments ;  and  from  this  time  to  the  present,  iron,  as  a  material  for 
ship-building,  has  been  extensively  used,  and  is  increasingly  in  demand. 
From  1829  to  1832,  iron  ship-bmlding  may  be  considered  to  have  been  ex- 
perimental ;  and  the  trials  conducted  by  Mr.  Fairbaim  on  the  Forth  and 
Clyde  Canal,*  simultaneously  with  those  of  Mr.  John  and  Mr.  McGregor 
Laird  at  Liverpool,  led  to  a  new  era  in  the  history  of  ship-bmlding. 

Among  the  first  iron  vessels  for  sea-going  purposes  was  one  of  small 
tonnage,  built  at  Manchester  for  the  Forth  and  Clyde  Canal  Company. 
She  was  built  with  paddle-wheels  on  the  quarter  near  the  stem,  and  pro- 
pelled by  two  high-pressure  engines  of,  collectively,  SO  horse- power.  This 
vessel  attained  great  speed,  considering  the  date  at  which  she  was  built; 
and  for  many  years  traded  between  Qrangemouth  and  the  coast  of  Fife, 
round  to  Dundee. 

Previously  to  the  building  of  the  ''  Manchester,"  another  small  vessel, 
called  the  *'  Lord  Dundas,"  was  constructed  for  the  same  company.  She  was 
strictly  experimental,  and  was  propelled  by  a  locomotive  engine  of  16  horse- 
power, with  8-inch  cylinders.  Such  was  the  lightness  of  her  construction, 
that  the  plates  were  only  l-14th  of  an  inch  thick,  riveted  to  light  HT  ^^^f 
which  formed  the  ribs  of  the  huU.  This  vessel  had  stem  paddles,  and  was 
of  the  following  dimensions : — 

•  Vide  **  Remarks  on  Canal  Navigation,"  by  "W.  Fairbaim.    Longman,  1881. 
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Length,  68  feet. 

Breadth  on  beam,  11  feet  6  inches. 

Depth,  4  feet  6  inches. 

Diameter  of  paddle-wheel,  9  feet. 

Whole  weight,  including  engine,  paddle-wheel,  &c.,  7  tons  16  cwL 

Draught  of  water  with  cargo  on  board,  16  inches. 
The  "  Lord  Dundas"  was  built  in  1830,  conveyed  through  the  streets  of 
Manchester  on  trucks,  and  laimched  into  the  L:well,  where  numerous  trials 
took  place  in  regard  to  her  speed  in  narrow  channels,  such  as  canals ;  in- 
cluding such  other  direct  experiments  as  were  Kkely  to  result  from  vessels 
of  this  kind  propelled  by  steam.  Subsequently  to  these  trials  she  was  navi- 
gated to  Liverpool,  and  from  thence  to  Glasgow  vid  the  Isle  of  Man. 
As  this  voyage  was  rather  a  perilous  one,  when  the  slightness  of  the  vessel's 
build  and  the  thinness  of  her  sheathing-plates  are  considered,  and  as  it  was 
among  the  first — if,  indeed,  it  were  not  the  very  first — which  indicated  the 
necessity  of  adjusting  the  compass  in  order  to  neutralize  ^e  local  attraction 
of  the  material  by  which  it  was  surrounded,  we  may  probably  be  permitted 
to  give  a  brief  narrative  of  the  circumstances  as  they  occurred  during  the 
voyage.  The  "  Lord  Dundas"  sailed  from  Liverpool  at  four  a.m.  on  a  fine 
morning  in  June,  1831 ,  and  steered  direct  for  the  floating-light.  She  made 
the  light  in  good  time,  notwithstanding  a  thick  haze  in  the  atmosphere, 
which,  during  the  forenoon,  thickened  into  a  dense  fog.  Towards  one  o'clock 
land  was  descried  upon  the  starboard  bow,  showing  apparently  that  she  had 
made  considerable  deviation  in  a  westerly  direction.  A  dispute  arose  as  to 
what  land  it  was— one  party  contending  that  it  was  the  western  side  of  the 
Isle  of  Man ;  the  other,  better  acquainted  with  that  side  of  the  island,  that 
it  was  not.  After  a  considerable  contest  and  examination  of  the  charts,  it 
was  at  last  discovered  that  the  little  vessel  was  on  the  north  of  Morecambe 
Bay,  approaching  the  coast  of  Cumberland.  On  the  discovery  of  this  error, 
and  in  consequence  of  the  frail  bark  showing  symptoms  of  weakness,  from 
the  effects  of  tiie  swell  which  was  rolling  in  from  the  west,  it  was  considered 
desirable  to  look  out  for  shelter ;  and  consequently  her  course  was  altered 
in  the  direction  of  the  Island  of  Peel  Foundry,  where  she  was  sheltered  for 
the  night.  On  the  following  morning  she  crossed  to  Bamsey,  where  the 
question  of  the  variation  of  fiie  compass  was  investigated,  and  rectified  by 
the  simple  process  of  nailing  a  block  of  iron  to  the  deck,  in  the  immediate 
vicinity  of  the  compass — ^by  this  means  neutralizing  the  local  attraction  of 
the  iron  by  which  it  was  surrounded.  After  this,  the  remainder  of  the  voyage 
from  Ramsey  to  Greenock  was  effected  in  a  direct  course  with  perfect  safety. 
We  have  noticed  these  circumstances  as  illustrating  the  imperfect  state 
of  our  knowledge,  as  respects  the  influence  of  large  masses  of  iron  upon  the 
ship's  compass.  It  has  been  ascertained  that  the  angle-iron  and  "fT  iron 
ribs,  when  carried  above  the  deck  so  as  to  form  part  of  the  bulwarks,  had  a 
remarkable  effect  upon  the  compass,  each  of  them  forming,  as  it  were,  a 
separate  magnet,  whose  influence,  unless  neutralized  by  some  greater  mag- 
netic power,  caused  a  considerable  deviation  of  the  needle,  so  that  it  indicated 
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a  point  wide  of  the  magnetic  north ;  and  as  this  deviation  altered  with  every 
change  of  the  position  of  the  vessel,  no  reliance  could  he  placed  upon  it. 
Captain  Johnson  and  Professor  Airey,  hy  an  interesting  series  of  experi- 
ments, ultimately  settled  this  question,  and  provided  a  remedy  in  the  adjust- 
ment and  correction  of  the  compass  on  board  of  iron  ships. 

The  object  contemplated  by  this  light  vessel  and  light  machinery  was,  to 
ascertain  how  far  quick  speeds  could  be  attained  upon  canals  by  steam- 
power.  As  much  as  fourteen  miles  an  hour  had  been  accomplished  by 
hoises,  with  a  tractive  power  of  352  lbs.  by  dynamometer,  and  that  without 
the  least  appearance  of  surge  ;*  but  the  experiments  made  with  the  "  Lord 
Dundas"  steamer  indicated  a  very  different  law,  and,  under  the  most  favour- 
able circumstances,  never  exceeded  more  than  eight  to  eight  and  a  half  miles 
an  hour,  and  that  with  an  enormous  swell  washing  over  the  banks  of  the 
canal  in  every  direction.  In  fact,  the  object  for  which  the  boat  was  built 
was  never  attained,  and  it  was  found  impossible  to  effect  by  steam  what  was 
done  by  horses.  It  nevertheless  led  to  a  more  important  and  a  greatly- 
enlarged  branch  of  industry — ^namely,  the  construction  of  iron  vessels  upon 
a  large  scale  for  ocean  traffic. 

These  experimental  vessels,  the  "  Lord  Dundas'*  and  the  "  Manchester," 
already  mentioned,  in  corgunction  with  the  "Alburka,"  and  some  other 
vessels,  by  Messrs.  J.  Laird  and  Co.,  of  Liverpool,  may  be  considered  as  the 
first  successful  attempts  in  iron  shipbuilding.  Shortly  after  the  completion 
of  these  vessels,  several  large  establishments  were  founded  for  this  branch 
of  construction,  amongst  whom  maybe  enumerated  Messrs.  W.  Fairbaim  and 
Co.,  Millwall,  and  Messrs.  Ditchbum  and  Mare,  Blackwall,  London;  Messrs. 
Laird  and  Co.,  Liverpool;  Messrs.  Tod  and  McGregor,  Glasgow;  and  several 
others,  all  of  whom  were  engaged  for  many  years  in  the  construction  of  iron 
ships. 

In  this  chapter  we  shall  be  unable  to  go  much  into  detail,  and  must 
confine  ourselves  to  a  few  general  observations  in  connection  with  the  more 
important  application  of  iron  as  a  material  of  construction  for  ocean  steamers 
and  sailing  vessels,  exposed  to  all  the  changes  and  vicissitudes  of  wind  and 
tides  in  the  open  sea. 

Fig.  84  exhibits  a  half  cross  section  of  one  of  Her  Majesty's  frigates 
of  the  second  claes,  and  will,  to  a  certain  extent,  illustrate  the  principles  of 
construction.  It  will  be  seen  tliat  the  iron-ship  is  composed  of  a  series  of 
frames  or  ribs,  placed  at  various  distances  apart ;  these  are  connected  to- 
getlier  in  the  interior  of  the  vessel  by  transverse  beams,  mostly  of  iron,  but 
sometimes  of  wood,  which  support  the  decks.  Over  the  exterior  of  the  ribs 
&e  iron  sheathing-plates  are  riveted,  so  as  to  form  a  oontinuons  water-tight 
covering  over  the  entire  exterior  of  the  vessel. 

Bibfl.— One  of  the  ribs  is  shown  «t  a  a  a.  Fig.  84 ;  and  its  section  will 

be  seen  in  Fig.  85,  which  is  a  longitadinai  section  through  the  line  hb;  it 

consists  of  a  vertical  plate  o,  to  which  two  angle-irons  are  riveted,  one  at  the 

top  and  the  other  at  tlie  bottom.    On  the  lower  angle-iron  the  sheathing- 

«  *<B0maricB  on  Canal  Navigation,"  page  ^7. 
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plates  d  are  riYeted ;  and  on  the  upper,  interior  plates,  some  of  which  in  laige 

are  riveted   diagon- 


ally, so  as  to  form  stringers 
and  braces  from  the  keelsons 
ronnd  the  bilge  to  the  npper 
decks.  These  ribs  are  placed 
at  distances  of  about  fifteen 
inches  to  eighteen  inches 
apart,  according  to  their  po- 
sition.in  the  direction  of  the 
length  of  the  ship. 

Other  kinds  of  frames 
might  be  used  with  double 
angle-iron,  as  shown  at  ee^ 
in  the  annexed  sketch  (Fig. 
86),  but  they  are  more  ex- 
pensive; and  from  the  in- 
creased complexity  of  con- 
struction, the  extra  strength 
obtained  does  not  compen- 
sate for  the  difference  of  cost. 
Altogether  the  frames  shown 
in  Fig.  85  have  come  into 
general  use  as  the  most  effec- 
tive and  easy  of  construction. 

Keels. — ^This  part  of  the 


vessel  requires  to  be  made 
exceedingly  strong  to  re- 
sist the  pressure  or  vio- 
lent shocks  to  which  it  is  Fig.  85. 
subjected,  when  a  vessel  grounds.    It  is  made  in  various  ways,  generally 

with  a  false  keel,  which  is 
riveted  on  belowthe  ribs  by 
two  angle-irons.  The  false 
keel  is  intended  to  receive 
the  first  shock  in  ground- 
ing; and  is  so  arranged 
that  it  may  even  be  carried  away  without  material  injury  to  the  true  keel. 
Fig.  87  shows  a  method  in  which  it  will  be  seen  that  the  sheathing-plates  a  a 
are  bent  downwards  so  as  to  grasp  the  side  of  the  keel,  which  consists  of 
a  massive  plate  of  iron ;  whilst  the  angle  iron  of  the  ribs  is  bent  upwards 
at  right  angles,  and  is  firmly  riveted  to  the  vertical  keel  plate. 


Flg.86. 
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Becks. — The  floorings  are  supported  npon  beams  extending  from  one 
side  of  the  yessel  to  the  other,  and  attached  at  either  end  to  the  ribs  or  side 


Fig.  87. 

frames.  In  the  section,  Fig.  84,  the  two  npper  decks  are  supported  npon 
wooden  beams,  as  in  an  ordinaiy  wooden  vessel ;  but  wrought-iron  beams 
may  be  sabstituted  for  these  with  great  advantage,  as  shown 
9.igg.  • 

These  deck-beams  have  been  made  of  various  fonns,  the  best 

of  which  for  large  vessels  is  probably  that 

shown  in  Fig.  88,  which  consists  of  angle-irons 

riveted  to  the  top  and  to  the  bottom  of  a  thin 

vertical  plate.    In  some  eases  a  vertical  plate, 

with  two  angle-irons  at  the  top  and  one  at  the 

bottom,  is  used,  and  has  the  advantage  of 

Fig.  88.       greater  simplicity,  though  the  material  is  not 

so  wen  distributed.    The  box  beam  (Fig.  89)  is  employed 

for  supporting  the  shafts  and  paddle-boxes  of  steamers,  &c.  ^*  ^' 

BlTetlng  of  the  Plates. — In  all  wrought-iron  constructions,  the  mode  of 
joining  two  plates  together  is  the  same.  When  the  article  can  neither  be 
produced  at  once  from  the  rolling  mill  nor  the  steam-hammer,  and  except  in 
the  comparatively  few  cases  where  parts  are  welded  together,  they  are 
universally  united  by  riveU,  A  series  of  holes  being  made  through  both 
pieces,  a  small  bolt,  with  a  head  upon  one  side,  is  passed  through  each,  and 
then  quickly  hammered  down  on  the  other  side  to  another  head,  so  as  to 
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grasp  the  parts  tightly  between  them.  These  tivets  aie  usually  einployed  in 
a  red-hot  state,  both  because  they  are  then  more  easily  hammered  do^n,  and 
because  in  cooling  they  contract  and  draw  the  parts  together  with  great 
force. 

Since  the  introduction  of  this  process,  the  greatest  improvement  has  been 
the  substitution  of  the  riveting-machinb,  invented  by  Mr.  Fairbaim ;  by  means 
of  which  the  object  is  secured  in  considerably  less  time  and  at  less  cost,  and 
which  completes  the  union  of  the  plates  with  much  greater  perfection  than 
could  possibly  be  done  by  the  hand.  But  this  new  and  very  supezior  process 
has  not  as  yet  been  successfdlly  applied  to  the  riveting  of  plates  for  ships. 

On  comparing  the  strength  of  plates  with  their  riveted  joints,  it  will  be 
necessary  to  examine  the  sectional  areas  taken  in  a  line  through  the  livet- 
holes  with  the  section  of  the  plates  themselves.  It  is  perfectly  obvious  that 
in  perforating  a  line  of  holes  along  the  edge  of  a  plate,  we  must  reduce  its 
strength ;  it  is  also  clear  that  the  plate  so  perforated  will  be  to  the  plate 
itself,  nearly  as  the  areas  of  their  respective  sections,  with  a  small  deduction 
for  the  irregularities  of  the  pressure  of  the  rivets  upon  the  plate ;  or,  in  other 
words,  the  joint  will  be  reduced  in  strength  somewhat  more  than  in  the  ratio 
of  its  section  through  that  line  to  the  solid  section  of  the  plate.  For  example, 
suppose  two  plates,  each  two  feet  wide  and  three-eighths  of  an  inch  thick,  to 
be  riveted  together  with  ten  f -inch  rivets.  It  is  evident  that  out  of  two  feet, 
the  length  of  the  joint,  the  strength  of  the  plates  is  reduced  by  perforation  to 
tiie  extent  of  seven  and  a  half  inches;  and  here  the  strength  of  the  plates 
will  be  to  that  of  the  joint  as  9  :  6' 187*,  which  is  nearly  the  same  aa  the 
respective  areas  of  the  solid  plate  and  that  through  the  rivet-holes ;  or  as 
24  :  16'5-|-.  From  these  fieu^ts  it  is  evident  that  the  rivets  cannot  add  to  the 
strength  of  the  plates,  their  object  being  to  keep  the  two  surftMses  of  the  b^ 
in  contact  It  may  be  said  that  the  pressure  or  adhesion  of  the  two  surfaces 
of  the  plates  would  add  to  the  strength ;  but  this  is  not  found  to  be  the  case 
to  any  great  extent,  as  in  almost  every  instance  the  experiments  radicate  the 
resistance  to  be  in  the  ratio  of  their  sectional  aieas. 

When  this  great  deterioration  of  strength  at  the  joint  is  taken  into  ac- 
count, it  cannot  but  be  of  the  greatest  importance  that  in  structures  subjected 
to  such  violent  strains  as  ships,  ISie  strongest  method  of  riveting  should  be 
adopted.  To  ascertain  this,  a  long  series  of  experi- 
ments were  undertaken  by  Mr.  Fairbaim,  some  of 
the  results  of  which  will  be  of  interest  here.  The 
joint  ordinarily  employed  in  /'" 
ship-buildJngistheJajff^ottit, ' 
shown  in  Figs.  90  and  91. 
Hie  plates  to  be  united  are 
made  to  overlap,  and  the  rivets  are  passed  through 
tiiem,  no  covering-plates  being  required,  except  at 


pooooop^ 
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the  ends  of  the  plate  where  they  butt  against  each  other.  It  is  also  a  eomlnoii 
practice  to  countersink  the  rivet-heads  on  the  exterior  of  the  vessel,  tiiat  the 
♦  The  rntio  of  the  ttreos.       +  The  ratio  of  the  breadth  of  nwtnl. 
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hoU  may  present  a  smooth  sorfaoe  for  her  passage  through  the  water.  This 
system  of  xhretmg  is  diown  in  Fig.  87,  where  the  rivets  of  the  sheathing- 
plates  are  countersunk.  This  system  of  riveting  is  only  used  when  smooth 
surfaces  are  required ;  under  other  circumstances  their  introduction  would 
not  be  desirable,  as  they  do  not  add  to  the  strength  of  the  joint,  but  to  a  cer- 
tain extent  reduce  it.  This  reduction  is  not  observable  in  the  experiments ; 
but  the  simple  fact  of  sinking  the  head  of  the  rivet  into  the  plate,  and  cutting 
out  a  greater  portion  of  metal,  must  of  necessity  lessen  its  strength,  and  ren- 
der it  weaker  than  the  plain  joint  with  raised  heads. 

There  are  two  kinds  of  lap-joints,  those  said  to  be  single-riveted  (Fig.  90) 
and  those  which  are  double-nveted  (Fig.  91).  At  first  the  former  were  almost 
universally  employed,  but  the  greater  strength  of  the  latter  has  since  led  to 
their  general  adoption  in  the  larger  descriptions  of  vessels.  The  reason  of  the 
superiorify  is  evident  A  riveted  joint  gives  way  either  by  shearing  off  the 
rivets  in  the  middle  of  their  length,  or  by  tearing  through  one  of  the  plates 
in  the  hue  of  the  rivets.  In  a  perfect  joint  the  rivets  should  be  on  the  point 
of  shearing  just  as  the  plates  were  about  to  tear;  but  in  practice  the  rivets 
are  usually  made  slightly  too  strong.  Hence  it  is  an  established  rule  to  em- 
ploy a  certain  number  of  rivets  per  lineal  foot.  If  these  are  placed  in  a 
single  row,  the  rivet-holes  so  nearly  approach  each  other  that  the  strength  of 
the  plates  is  much  reduced ;  but  if  they  are  arranged  in  two  lines,  a  greater 
number  may  be  used,  and  yet  more  space  left  between  the  holes,  and  greater 
strength  and  stiJQfness  imparted  to  the  plates  at  the  joint. 

The  results  of  Mr.  Fairbaim's  experiments  upon  the  two  forms  of  joint 
are  given  in  the  following  summary : — 


Cohesive  strength 

Strength  of  single-rivetod 
joints  of  equal  section  to 

Strength  of  double-riveted 
joints  of  equal  section  to 

of  plates. 

the  plates,  taken  through 

the  plates,  takenthrough 

Breaking-weight  in 

the  line  of  rivets. 

the  line  of  rivets. 

lbs.  per  sq.  in. 

Breaking-weight  in  lbs. 

Breaking- weight  in  lbs. 

persq.  in. 

per  80.  m. 

67,724 

45,743 

52,352 

61,579 

86,606 

48.821 

68,322 

43,141 

58,286 

50,983 

43,515 

54,594 

51,130 

40,249 

53,879 

49,281 

44,715 

53,879 

43,805 

37,161 

47,062 

Mean 

62,486 

41,590 

53,635 

The  zeMive  strengths  wiU  therefore  1 

For  the  plate JOOO 

Double-riveted  joint.         1021 

Siogle-riveted  joint 791 

From  the  above  it  will  be  seen  that  &e  single-riveted  joints  have  lost  one- 
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fifth  of  the  actual  strength  of  the  plates,  whilst  the  double-riveted  have 
retained  their  resisting  powers  tmimpaired.    These  are  important  and  con- 
vincing proofs  of  the  superior  value  of  the  double  joint ;  and  in  all  cases 
where  strength  is  required,  this  description  of  joint  should  invariably  be  used. 
Comparing  these  results  with  those  of  a  former  analjsis,  we  have — 
1000  :  1021  and  791* 
1000  :    033  and  731 

Mean  .  .  .  1000  :  977  and  761 
which  in  practice  we  may  safely  assume  as  the  correct  valne  of  each.  Ex- 
clusive of  this  difference,  we  must,  however,  deduct  thirty  per  cent,  for  the 
loss  of  metal  actually  punched  out  for  the  reception  of  the  rivets ;  and  the 
absolute  strength  of  the  plates  will  then  be,  to  that  of  the  riveted  joints,  as 
the  numbers  100,  68,  46.  In  some  cases,  where  the  rivets  are  wider  apart, 
the  loss  sustained  is,  however,  not  so  great;  but  in  boilers  and  similar  vessels 
where  the  rivets  require  to  be  close  to  each  other,  the  edges  of  the  plates  are 
weakened  to  that  extent.  Taking  into  consideration  the  various  circum- 
stances affecting  the  experimental  results,  we  may  fairly  assume  the  follow- 
ing relative  strengths  as  the  value  of  plates  with  their  riveted  joints. 

Taking  the  strength  of  the  plate  at 100 

The  strength  of  the  riveted  joint  would  then  be  .    70 
And  the  strength  of  the  single  riveted  joint     .    .    56 
Wood  and  Xion  as  BEateiials  foi  Ship-building.— We  shall  consider 
this  point  under  three  heads — 

Strength, 
durabilitt, 
Economy. 
To  ascertaiQ  the  superiority  of  iron  over  wood  in  regard  to  strength,  let 
us  consider  the  strains  to  which  a  vessel  is  subjected.    Let  us  take,  for 
example,  a  vessel  of  similar  dimensions  to  the  "  Great  Western'*  (the  first 
steamer  that  successfully  crossed  the  Atlantic).  313  feet  long  between  the 

'  perpendiculars,    85 

^^^— — ^  >  "!!^^    ^®^*  beam,  and  28 

feet  from  the  surface 
of  the  main-deck  to 
the  bottom  of  the 
sheathing  attached 
to  the  keel.  Now, 
'^^  considering  a  ves- 

sel of  this  magni- 
tude, with  its  machinery  and  cargo,  to  weigh  8000  tons,  including  her  own 

*  The  cause  of  the  increase  of  strength  in  the  double-riveted  platoe  may  be  attri- 
buted to  the  riveted  specimens  being  made  of  best  iron ;  whereas  the  mesji  strength 
of  the  plates  is  taken  from  all  the  irons  experimented  upon,  some  of  inferior  qnalitj, 
which  will  account  for  the  high  value  of  the  double-riveted  joint. 
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weight;  and  supposing,  in  the  first  instance,  that  she  is  suspended  upon 
two  points,  A  and  B,  resting  on  the  bow  and  stem,  at  a  distance  of  210  feet, 
as  shown  in  Fig.  92 ;  we  should  then  have  to  calculate,  from  some  formula  yet 
to  be  determined  by  experiment,  the  ultimate  strength  of  the  ship. 

To  determin*  this  formula  with  accuracy  is  a  work  of  research.  In  the 
meantime,  we  are  fortunate  in  haying  before  us  that  which  applies  with  so 
much  certainty  to  tubular  bridges  and  tubular  girders;  and  all  that  is 
required  in  this  case  will  be  to  ascertain  the  correct  sectional  area  of  the 
plates,  to  prevent  the  tearing  asunder  of  the  bottom,  and  the  quantity  of 
material  necessary  to  resist  the  crushing  force  along  the  line  of  the  upper- 
deck  on  the  top.  It  is  true  that  the  necessaiy  data  have  yet  to  be  deter- 
mined ;  but  the  iron  ship-builder  cannot  be  far  wrong  if  he  assume  the 
weight  W  in  the  middle  (Fig.  92)  to  be  equal  to  the  united  weights  of  the 
ship  and  cargo.  This,  in  the  case  before  us,  would  give  an  ultimate  power 
of  resistance  of  8000  tons  in  the  middle,  or  6000  tons  equally  distributed 
along  the  ship,  with  her  keel  downwards. 

Assuming  these  tests,  or  the  calculations  derived  therefrom,  to  be  correct, 
let  us  now  bring  the 
vessel  into  a  totally 
different  position,  as 
in  Fig.  93,  haviiig  the 
same  weight  of  cargo 
on  board,  and  sup> 
ported  by  a  wave, 
which,  for  the  sake  of  Fig.  os. 

illustration,  we  may  consider  as  supporting  the  vessel  upon  a  single  point  in 
the  middle. 

In  this  position  we  find  the  strain  reversed ;  and  in  place  of  the  lower 
part  of  the  hull  of  a  ship  being  in  a  state  of  tension,  it  is,  on  the  contrary,  in 
a  state  of  compression,  and  the  whole  of  those  parts  below  the  neutral  axis 
are  subjected  to  that  strain.  On  the  other  hand,  the  upper  part  is  in  a  state 
of  tension ;  and  that  tension,  as  well  as  the  compressive  strain  below,  wiU  be 
found  to  vaiy  in  degree  in  the  ratio  of  the  distances  from  the  centre  of  the 
neutral  axis  a  (Fig.  98),  round  which  the  forces  of  tension  and  compression 
revolve.  In  this  supposed  position  we  may  venture  to  calculate  the  strengths, 
in  order  to  ascertain  the  limit  or  maximum  of  security,  and  act  as  if  the 
vessel  were  placed  in  trying  circumstances, — either  contending  with  the 
rolhng  seas  of  a  hurricane,  or  suffezing  the  actual  suspension  of  either 
portion  when  taking  the  ground.  In  these  critical  positions  we  arrive  at 
the  conclusion,  that  calculations  founded  upon  the  formula  for  wrought-iron 
tubular  beams  will  determine  the  strength  and  resisting  powers  of  an  iron 
ship,  and  that  imder  every  contingency  and  every  circumstance  in  which 
the  vessel  can  be  placed.  Moreover,  it  will  give  a  wide  margin  of  security 
tmder  all  those  forms  and  conditions  of  peril  to  which  every  vessel  navi- 
gating the  ocean  is  exposed.  We  are  fully  aware  that  many  thousand 
vessels  are  now  afloat,  that  would  not  stand  one-third  of  the  tests  which 
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we  have  taken;  but  that  is  no  reason  why  we  should  not  endeavaur  to 
effect  more  judicious  distribution  of  the  material,  in  order  to  attain  the 
Tnaximum  strength,  where  human  life  and  the  fortunes  of  the  public  are 
at  stake. 

To  show  that  we  have  not  selected  tests  which  no  Tessel  would  stand, 
we  append  the  following  incidents : — 

In  hauling  an  iron  steamer  of  nearly  400  tons  burthen  out  oi  a 
temporary  basin,  she  grounded  on  the  extreme  end  of  the  bank,  and 
was  left,  as  the  tide  receded,  with  forty  feet  of  her  stem  entirely  witliont 
support,  and  her  bow  buiied  in  the  opposite  bank.  On  the  return  of  the 
tide,  the  vessel  floated,  and  immediately  afterwards  she  proceeded  on  her 
voyage. 

A  large  steamer,  the  "  Vanguard,"  ran  foul  of  a  reef  of  rocks  on  the  west 
coast  of  Ireland,  and  continued  exposed  to  the  swell  of  the  Atlantic  beating 
her  upon  them  for  several  days  with  comparatively  little  ii^uiy,  excepting 
only  the  corrugation  of  the  plates  along  her  bottom.  She  appears  to  have 
rested  upon  a  number  of  small  hard  rocks  from  the  stem  to  the  full  part  of 
the  vessel  just  under  the  paddle  wheels,  and  from  that  part  to  the  stem  to 
have  been  quite  unsupported,  except  at  one  place  where  the  keel  was  broken. 
Mr.  Clark,  who  went  to  examine  her,  states  that, "  although  she  was  beating 
hard  for  so  many  days,  no  part  of  her  engines  was  deranged.  Her  engines 
were  kept  constantly  at  work,  and,  in  his  opinion,  are  now  in  as  permanent 
working  order  as  ever  they  were.  Had  the  *  Vanguard'  been  built  of  wood 
instead  of  iron,  she  could  not  have  been  saved." 

"  The '  Eoyal  George,'  one  of  the  iron  steamers  running  between  Liver- 
pool and  Glasgow — a  vessel  of  unusual  length  in  proportion  to  her  beam^ — 
got  on  a  rock  near  Greenock  at  high-water,  when  loaded  with  about  160 
tons  of  dead  weight  besides  her  engines  and  coals,  and  was  left  there 
high  and  dry  during  a  whole  tide,  without  sustaining  any  injury.  She 
rested  nearly  on  her  centre;  and  all  who  saw  her  were  of  opinion  that 
no  timber  vessel  could  have  remained  in  tliat  position  without  bveakiog  her 
back."* 

We  might  adduce  numerous  other  instances  in  which  iron  vessels  have, 
without  material  injury,  stood  the  strains  which  must  have  caused  a  tiniber 
vessel  to  go  to  pieces.  An  iron  ship  is  united  by  riveting  into  a  siogle  firm 
mass ;  whilst  a  wooden  vessel  is  composed  of  an  innumerable  number  of 
pieces,  all  imperfectly  joined  together,  but  which  axe,  nevertheless,  dependent 
on  each  other  for  support ;  so  that  if  any  one  gives  way,  the  stability  of  ail  the 
rest  is  endangered. 

In  his  paper  on  iron  as  a  material  for  ship-building,  Mr.  Fairbaim  ^ves 
the  following  results  of  some  experiments  on  the  comparative  stoength  of 
wood  and  iron,  when  subjected  to  pressure  from  a  blunt  instrument  plaoed 
at  right  angles  to  the  surface  of  the  plate.  It  will  be  seen  that,  in  these 
experiments,  an  endeavour  was  made  to  place  the  material  in  carcumstances 
similar  to  those  mentioned  above,  where  the  vessel  is  beating  upon  hard  and 
•  Gnifitbam  *<  On  IvtRi  at  a  Material  lor  S1u9>-Batidin|!." 
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tmequftl  ground.  In  these  experiments,  tiie  wronght-iron  plates  w^e  fastened 
upon  a  frame  of  cast-iron,  one  foot  sqnare  inside,  and  one  foot  six  inches 
oatside.  The  sides  of  the  plate,  when  hot,  were  twisted  round  the  frame,  to 
which  they  were  firmly  bolted.  The  force  to  bnrst  it  was  applied  in  the 
centre  by  a  bolt  of  iron,  terminating  in  a  hemisphere  three  inches  in 
diameter. 

Summary  ofResuUi. 

lbs.    Mean:  lbs. 
In  Experiment  I.,  a  plate  one-fourth  of  an  inch  thick  was 

burst  by 13,789^ 

In  Experiment  n.,  a  plate  one-fourth  of  an  inch  thick  was  I-    1 6,779 

burst  by 19,769) 

In  Experiment  HI.,  a  plate  half  an  inch  thick  was  burst  by  37,519  \ 

In  Experiment  IV.,  a  plate  half  an  inch  thick  was  burst  by  87,928 }    ^^**^^ 

Here  the  strengHiB  are  as  the  depths,  a  half-inch  plate  requiring  doable 
the  weight  to  produce  fracture  that  had  preTiously  bnrst  a  quarter-ineh  plate. 

The  experiments  on  wood  were  made  upcm  good  En^^h  oak,  of  the  some 
width  as  the  iron  plates.  The  spechnens  were  laid  upon  solid  planks  twelve 
inches  asunder,  and  by  the  same  apparatos  the  rounded  end  of  the  thiee- 
loch  pin  was  farced  throng  them. 


lbs. 
17,933 

4,406 


Summary  of  Results. 

lbs.    Mean: 

Strength  of  planks  8  inches  thick 18,941 

3      „        „       16,926  ■ 

»       1*       »        »        4,582 

„       1*       M         , 4,280f 

Here  the  strength  to  resist  crashing  follows  the  ratio  of  the  square  of  the 
depth,  as  is  found  to  be  the  case  in  the  transverse  fractore  of  rectangular 
bodies  of  constant  breadth  and  span.  The  experiments  show  condusiYely 
the  superiority  of  iron  in  ordinary  cases. 

Duzability. — The  durability  of  iron  ships  is  now  established  beyond  a 
doubt ;  and  it  is  generally  admitted  that  they  remain  fit  for  service  longer  than 
those  of  timber.  At  first  it  was  thought  that  the  action  of  salt-water  would 
cause  a  rapid  oxidation,  and  very  soon  disable  them ;  indeed,  oxidation  has 
been  the  rock-ahead  of  every  iron  ship  for  the  last  twenty- years.  The  evil 
has  been  exaggerated ;  and  there  are  instances  of  iron  ships  built  twenty 
years  ago,  which  are  still  in  existence  with  no  sensible  appearance  of  cor- 
rosion or  decay,  and,  what  is  of  equal  importance,  without  having  required 
repairs,  if  we  except  a  few  coats  of  oil-paint,  or  the  application  of  some  other 
anti-corrosive  substance  to  neutralize  the  effects  of  the  sea-water.  Nature, 
however,  comes  to  our  assistance  in  this,  as  in  almost  every  other  attempt  in 
the  constructive  arts,  and  seems  to  confirm  the  proverb, "  A  bright  sword 
never  rusts ;"  for  it  is  with  iron  ships  as  with  iron  rails — ^when  in  constant  use 
there  is  little,  if  any,  appearance  of  oxidation. 
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Sooaomy. — ^Mr.  Grantham,  in  the  work  already  quoted,  comes  to  the 
condoflion  that  iron  vessels  are  on  the  whole  less  expensive  in  constmctionL 
than  similar  vessels  of  wood.  But  assuming  that,  when  built  in  the  best 
manner,  they  cost  about  the  same;  still,  the  iron  ship  has  great  advantages. 
The  strength  of  iron  is  so  great  that  we  are  enabled  to  use  a  much  thinnpj 
shell  than  with  wood;  and  hence  there  is  much  more  stowage  room.  The 
cost  of  maintaining  an  iron  vessel,  repairs,  &c.,  are  very  small ;  whilst  in  a 
timber  vessel  they  amount  to  a  large  sum.  Iron  vessels  are  not  subject  to 
a  dry  rot ;  and  we  have  already  seen  that  they  will  remain  under  severe 
strain  comparatively  uninjured,  when  a  timber  vessel  would  go  to  pieces. 

In  concluding  tliis  chapter,  it  will  be  necessary  to  advert  to  the  use  of 
iron  as  applied  to  vessels  of  war.  There  cannot  exist  a  doubt  as  to  the 
advantages  to  be  derived  £rom  iron  as  a  material  for  ship-building,  and  it  is 
probably  as  desirable  in  the  Royal  Navy  as  in  the  Merchant  Service ;  but 
the  great  drawback  to  its  appUcation  is  the  effect  of  shot  upon  iron  plates, 
and  the  consequent  danger  to  the  safety  of  the  vessel  from  this  cause.  This 
danger  does  not  arise  so  much  from  point-blank  shot  entering  the  ship  at 
high  velocities,  as  from  shot  ranging  from  a  distance,  and  which  strike  the 
vessel  with  a  reduced  force.  In  the  first  case  the  sbot  penetrates  and  passes 
through  the  plates,  making  a  perforation  equal  in  diameter  to  the  shot ;  bat 
a  half-spent  shot  when  it  arrives,  not  only  penetrates  the  side  of  the  ship, 
but  tears  up  the  plates  to  a  distance  of  some  feet  on  every  side.  It  is  from 
this  that  the  chief  danger  is  to  be  apprehended ;  and  however  serious  the 
effects  of  the  jagged  splinters  of  iron  may  be  when  dispersed  over  the  deck 
among  the  crew,  it  is,  at  the  same  time,  a  less  evil  than  the  entire  loss  of 
the  ship.  Such  are  the  objections  and  drawbacks  to  the  use  of  iron  in  the 
Navy ;  but  the  experiments  on  this  subject,  though  to  some  extent  con- 
clusive in  their  results,  were  certainly  not  of  that  character  to  cause  the 
entire  abandonment  of  iron  in  the  construction  of  vessels  of  war.  In  the 
settlement  of  this  question  much  has  yet  to  be  done ;  but  the  time  is  probably 
not  far  distant  when  we  may  see  the  powerful  armaments  of  Great  JBritain 
pouring  forth  upon  her  enemies  missiles  of  destruction  from  the  sides  of  iron 
ships. 
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CHAPTER  XXIV. 

ICB.  TOSE  FICKSTl'f  NSW  ST8IE1C  07  IBON  ABCHITECTUBB. 

The  ingenioufl  and  tasteM  designs  exhibited  by  Mr.  Vose  Hckett  some 
fourteen  years  back,  attracted  at  the  time  much  attention  to  the  subject  of 
the  application  of  iron,  and  other  materials  which  he  proposes  to  combine 
with  it,  for  the  purposes  of  architectural  ornament;  and  it  is  to  be  regretted 
that  he  has  not  obtained  the  means  of  testing  his  i^stem,  by  applying  it  prac- 
tically on  a  scale  of  sufficient  magnitude.  To  us  the  subject  seems  too 
important  to  be  passed  over ;  and  we  willingly  allow  Mr.  Vose  Pickett  access 
to  our  pages,  to  explain  the  principles  which  he  proposes  to  develop  in  his 
new  system  of  iron  architecture.    Mr.  Pickett  states  as  follows : — 

In  the  year  1842,  the  Eoyal  Institute  of  Architects  awarded  their  prize  for 
an  essay  "  On  the  Effects  which  should  result  to  Architectural  Taste,  with 
regard  to  Arrangement  and  Design,  from  the  general  introduction  of  Iron  in 
the  Construction  of  Buildings."  It  is  now  from  fourteen  to  fifteen  years  since 
the  effort  was  made  by  the  Institute,  and  also  firom  the  time  when  the  writer 
was  engaged  in  forei^adowiag  some  of  the  essential  grounds  of  this  great 
^estion. 

Genuine  iron  architecture,  with  its  analogous  materials,  glass,  slate,  &c., 
win  give  to  the  world  great  advantages  over  those  which  the  constructive 
mixture  of  iron  with  brick  can  ever  be  brought  to  afford ;  in  fact,  brick  is 
here  a  wasteful  and  clumsy  intrusion.  Though  nothing  can  be  more  totally 
different  than  **  iron  architecture"  an(f  the  "  use"  of  iron  in  architecture,  yet  it 
must  ever  be  borne  in  mind  that  architects  and  architecture  are  often 
limited  by  circumstances;  and  there  are  occasions  when  the  use  of  iron 
with  brick  is  a  necessity.  The  subject,  as  laid  down  by  the  writer  in  his 
various  publications,  resolves  itself  into  three  divisions : — 

FirH. — The  greatest  and  by  &r  most  important  branch  is  genuine  iron 
architecture;  by  which  only  can  the  advantages  of  building  and  architecture 
be  carried  to  their  utmost  perfection.  Here  there  must  be  no  mixing  of  iron 
with  brick. 

Second. — The  (suggested)  iron  law  in  architecture,  or  an  improved  use  of 
iron  with  brick ;  which  is  necessary,  seeing  that  ancient  cities,  and  existing 
stone  and  brick  buildings,  have  to  be  dealt  with. 

Third, — ^A  new  metallic  art,  and  architecture  for  monuments  and  gold 
and  silver  structures ;  which  does  not  require  our  consideration  at  present. 

It  is  thus  obvious  that,  inasmuch  as  the  nature  and  essence,  the  powers 
and  capacities  of  the  materials  proposed,  are  not  only  infinitely  more  en- 
larged, but  of  a  totally  opposite  character  to  those  of  stone  and  brick ;  as  the 
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principles  of  the  ancient  system  all  tend  to  develop  the  properties  of  stone 
and  brick,  and  as  the  modem  world  is  called  upon  to  use  and  adapt,  in  the 
like  and  analogous  manner,  the  powers  of  iron,  &c. ;  and  as  the  veiy  first 
primary  constructive  principle  demanded  in  metal  is  ihe  very  reverse  of  that 
employed  in  constructions  of  brick  and  stone ;  so  all  the  associative  prin- 
ciples of  form  and  appliance  must  be  of  a  different  character  also. 

In  resolving  the  elements  of  masonic  architecture  into  first  principles  of 
form  and  feature,  they  are  found  to  be  four  in  number,  which,  as  general 
principles,  constitute  alike  the  universal  basis  of  every  order  or  style. 

The  first  consists  of  the  solid  wall,  composed  of  blocks  of  sieae,  &e., 
piled  upon  each  other. 

The  second,  in  sur&ce-carved  or  relievo  onmmental  forms. 

The  third,  in  the  use  of  piers  and  colmnns  for  the  support  of  rooii  and 
porticos;  and 

The  fourth,  in  the  universal  prevalenoe,  more  or  less,  of  angleB  and 
straight-lined  forms. 

These  principles,  being  incompatible  with  the  li^t  use  and  just  expreasion 
of  metallic  powers  in  architecture,  require  equivalents  in  the  new  or  metallic 
system,  which  will  be  found  in  the  six  following  primary  fsdnciples : — 

Fint  Primary  Prineiple, — Canister  or  hoUow  iron  wsJJs,  with  oast,  fihaflnd. 
or  repouse-work  ornamental  surfiice,  in 
substitution  of  the  solid  wall  and  ash- 
lered  surface  used  in  masonry.  This 
includes  glass,  slate,  or  any  other  appro- 
priate panelling  material,  according  to 
circumstances ;  iron  architecture  not  be- 
ing dependent  on  iron  only  for  its  orna- 
mentation. Almost  every  engineering 
constructional  invention  may  here  be 
indulged  in,  obedi^it  only  to  those  lawd 
of  art  requisite  for  the  attainment  oi 
relative  and  harmonious  as  weU  as  in- 
trinsic use.  An  intermediate  arrange 
ment  of  skeleton  frame-work  is  here  con- 
sidered necessary,  the  particular  form  of 
which  is  dependent  on  the  nature  and 
requirements  of  each  work. 

The  peculiar  advantage  of  the  first 
primary  principle  is  economy  in  space, 
which  occurs  to  a  proportionately  greater 
extent  as  the  height  of  the  building  and  its  stories  are  multiplied ;  an  advan- 
tage greatly  enhanced  by  the  high  price  demanded  for  ground  in  cities. 
In  the  case  of  lofty  buildings  of  brick  and  stone  on  confined  spots  of  ground, 
almost  one-third  of  the  whole  space  is  necessarily  often  occupied  by  solid 
walls. 

The  enormous  bulk  and  weight  of  the  pidmazy  materials  used  in  the  eon- 
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struction  of  ancient  buildings,  and  the  circumstance  of  every  ordinary  brick 
holding  in  absorption  abont  three-quarters  of  a  pint  of  water,  with  the  vast 
body  of  dirt,  dust,  water,  and  grit  inherent  in  the  other  materials,  must  be 
known  to  every  one.  In  that  great  work  in  the  ancient  system,  the  Pantheon, 
the  supporting  walls  of  its  celebrated  dome  are  twenty  feet  thick.  In  the 
author's  design  for  an  analogous  work  in  iron,  but  of  much  larger  dimen- 
sions, a  surrounding  space  is  planned  of  two  walls,  twenty-four  feet  apart, 
forming  canister  walls — ^that  is,  a  wall  formed  by  two  hollow  walls  placed  at  a 
distance  proportioned  to  the  weight  they  have  to  bear,  braced  together  by  means 
of  beams,  upon  which  is  sustained  a  dome  of  infinitely  larger  span ;  so  that 
the  gaiii  in  space  would  be  almost  equal  to  the  whole  space  of  the  solid  walls. 

This  is  likewise  shown  in  the  author's  design  for  a  domestic  palace  of 
nearly  500  houses,  where  four  lofty  equal  ranges  of  buildings,  forming  a  hollow 
square  between  400  and  500  feet  in  length,  and  of  the  canister  proportion  of 
50  feet  in  depth,  sustains  a  quadrangular  dome  of  300  feet  span,  on  the  chain 
tension  net .  principle  of  Mr.  Bridges  Adams,  which  encloses  a  court  or 
winter  garden,  the  inner  surrounding  walk  being  1200  feet  in  length.  This 
roof,  which  has  great  architectural  capacity,  is  composed  of  wrought  in  con- 
nection with  cast-iron,  paned  with  thick  £^ass,  made  water-tight,  calked  and 
seamed  like  the  deck  of  a  ship.  In  this  case  "  the  strain"  would  be  distri- 
buted, and  the  weight  also  would  be  distributed,  on  the  four  walls  instead  of 
two.  Thus  a  tension  net  of  iron  bars  would  be  formed,  possessing  the  pro- 
perty of  a  net — ^viz.  that  the  breaking  of  a  mesh  would  not  involve  the  tiim- 
bliug  down  of  the  roof:  and  thus  great  additional  security  would  be  obtained. 

The  types  and  features  of  this  palace,  which,  from  repetitions  of  the  same 
castings,  manifests  extraordinary  economy  of  construction,  were  exhibited 
by  the  Royal  Academy  in  1853,  amongst  other  designs  of  the  author. 

The  protection  afforded  from  heat,  cold,  and  damp,  by  the  admission  of  a 
stratum  of  air  between  the  outer  and  inner  walls,  is  obvious ;  and  its  security 
from  fire  is  also  proved  by  the  isLct  of  the  iron-safe,  which,  when  composed 
of  single  plates,  and  exposed  to  high  temperature  by  the  action  of  fire, 
becomes  red-hot,  and  causes  destruction  to  the  contents ;  while,  at  the  same 
heat,  perfect  safety  is  secured  by  the  application  of  a  second  plate,  and  the 
admission  of  air  between  the  two  surfaces. 

On  the  other  hand,  in  illustration  of  the  effect  of  hollow  or  double  walls 
in  mitigation  of  cold  in  iuteriors,  the  fact  is  exemplified  in  the  case  of  green- 
houses, which,  though  only  partially  composed  of  hollow  walls  of  bonded 
brick,  have  been  found  to  maintain  a  temperature  so  much  higher  (other  con- 
tingencies being  the  same)  as  to  preserve  plants  in  perfect  health ;  while 
with  a  solid  waU  they  have  been  destroyed.  This,  however,  can  only  be 
attained  in  perfection  by  the  application  of  iron,  where  the  outer  wall,  inevi- 
tably acted  upon  by  heat  and  cold,  and  snow  and  dirt,  followed  or  preceded 
by  rain  or  damp  and  dr3mess,  being  not  partially,  but  completely  separated 
from  the  inner  wall,  the  interior  remains  perfectly  free  from  these  injurious 
effects  of  sudden  changes. 

The  greatly-increased  facilities  for  the  ventilation  and  lighting  of  build- 
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ings,  both  natural  and  artificial ;  for  the  arrangement  of  pipes  for  the  condno- 
tion  of  air,  gas,  smoke,  sound,  water,  and  for  their  removal  i^ithont  injury  or 
destruction ;  and  the  almost  total  abolition  of  repairs  when  iron  is  coated 
witii  glass,  the  colours  remaining  of  almost  eternal  brilliancy  and  durabililj — 
would  take  up  too  much  of  our  space  to  enter  upon. 

These  Tital  advantages  of  the  modem  material,  iron,  over  Hiose  of  flie 
ancient,  stone  and  brick,  bear  a  striking  analogy  to  the  immaterial  truth  of 
the  art,  architecture,  which  is  founded  on  their  powers  and  properties.  They 
promise  to  be  unaffected  by  time,  or  even  use,  being  not  only  well-nigh  in- 
exhaustible in  our  own  country,  but  bountifully  spread  over  the  habitable 
globe,  and  in  relation  with  materials  which  chemical  knowledge  and  me- 
chanical science  are  still  employed  in  bringing  to  perfection. 

In  the  author's  designs  for  a  church  in  iron  architecture,  constructed  of 
iron,  combined  with  porcelain,  glass,  slate,  &c.,  without  structural  use  of 
timber  or  addition  of  plaster,  the  space  within  the  walls  affords  comfortable 
sittings  for  1250  persons.  In  a  brick  and  si6ne  church  of  exactly  the  same 
ground  and  space,  and  precisely  the  same  plan  and  arrangement  of  sittings, 
accommodation  is  afforded  for  1000  persons.  Neither  of  these  have  galleries, 
which  is  all  in  favour  of  the  stone  building. 

In  the  author's  designs  for  dwellings,  warehonses,  and  other  buildings^ 
the  saving  in  space  and  ground,  and  many  other  peculiar  qualities,  is  more 
strikingly  evinced  than  even  in  the  case  of  the  church ;  for  instance,  in  two 
14-inch  or  brick-and-a*half  built  rooms,  each  15  feet  square  inside  and 
11  feet  high,  the  number  of  cubic  feet  in  each  room  is  4950  feet.  These, 
if  built  of  iron,  would,  with  the  exception  of  where  the  supports  occur, 
be  increased  one  foot  over  the  walls  from  floor  to  ceiling;  the  double 
wall — that  indispensably  necessity  in  a  dwelling — ^with  its  air-chamber 
between,  occupying  about  two  inches,  where  as  many  feet  are  demanded  for 
brick  and  stone.  This  gives  an  increase  in  the  iron  of  1155  cubic  feet;  so 
that,  while  the  brick-and-mortar  wall  construction  affords  in  vacant  space  but 
4950  cubic  feet,  in  iron  or  iron  and  slate-slab  occupying  the  same  space,  6105 
cubic  feet  are  afforded :  allowing  between  100  and  200  cubic  feet  as  space 
occupied  by  the  supports  or  framing,  and  for  attainment  of  the  effect  result- 
ing from  light  and  shade. 

On  the  Application  of  the  First  Principle. — ^The  method  of  supports  and 
panelling  is  of  course  adopted  as  the  basis  of  construction  in  a  metallic 
system  of  architecture,  from  its  suitability  to  the  nature  and  economy  of  iron 
and  its  analogous  materials.  As  a  general  principle,  it  has  no  claim  to 
originality,  being  sanctioned  by  experience  and  frequent  use.  Though  many 
and  various  methods  of  detail  may  hereafter  be  adopted,  different  from  those 
which  have  hitherto  been  thought  of,  and  forms  and  modes  devised  of  such 
excellence  as  to  carry  with  them  universal  acceptance ;  yet  the  modems  would 
not  do  well  to  pay  tiie  same  rigid  adherence  to  tiie  forms,  modes,  or  j^rapoT' 
tions  of  an  "architecture  deahng  with  iron,  as  was  obtained  by  the  Doric  and 
Ionic  orders,  and  the  Corinthian  column  and  entablature,  of  the  ancient 
architectnre  in  stone. 
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Fig.  05. 


The  Second  Primary  Principle. — ^Interstitial  ornamental  form,  in  substi- 
tution of  surface-carved,  prominent,  or 
basso-relievo  form  in  masonry.  Fig. 
95  represents  an  equivalent  feature 
for  a>  boss  or  flower  in  the  ancient 
system,  to  be  executed  in  cast  or 
^vrought-iron,  or  other  metal  or  ma- 
terial, with  gilding  or  other  flnish,  or 
set  or  grounded  on  crystal,  or  ena- 
melled, as  with  gems  in  jewellery. 

The  productions  of  the  artistic 
smith,  as  of  almost  every  variety  of 
artist,  are  available,  as  this  must  by 
no  means  be  considered  only  as  an 
art  confined  to  cast>iron. 

This  character  of  decorative  form 
is  essential  to  the  development  of  the 
peculiar  powers  which  distinguish 
metal  from  stone  and  timber,  ex- 
pressed in  its  variety  of  features.  It 
is  in  advance  of  and  distinct  from 
the  surface  of  the  wall,  ceiling,  and  cornices,  forming  terminations  to  the 
pins  or  screws  employed  for  the  security  of  the  iron  walls,  &c. ;  such  being 
in  strict  conformity  with  that  important  axiom  in  architecture,  "  that  the 
beauty  or  ornament  should  issue  out  of  the  use  or  necessity  of  the  con- 
struction.*' 

Tlie  Advantaget. — Capacity  for  the  attainment  of  distinct  and  effective 
beauty  in  the  form  itself,  by  the  boldness  of  its  projection,  and  contrasted 
material  or  colour  with  that  of  the  surface  of  the  wall. 

Generic  and  peculiar  beauty,  in  the  production  of  optical  Protean  effects, 
through  the  projection  of  its  ^adows  on  the  delicately-tinted  sur&ce  in  the 
rear.  Nor  are  other  ornamental  materials  excluded ;  for,  inasmuch  as  me- 
taUic  adjuncts  liave  ever  been  admissible  in  the  ancient  system,  when  pro- 
perly used  ;  so,  in  the  modem  system,  stone  and  marble  statuary  and  basso- 
rehevo  and  other  adjuncts  are  also  admissible,  when  legitimately  and 
appropriately  introduced. 

Improved  cleanliness,  by  the  passage  afforded  for  wind  and  water  through 
the  interstices  of  the  design,  between  the  ornamental  form  and  the  sur&ces 
of  the  building. 

Increased  durability  of  the  metallic  ornamental  form  compared  with  forms 
in  stone  and  cement;  and  when,  as  is  often  required  in  architecture,  repe- 
tition in  great  numbers  of  casts  from  one  pattern  or  mould,  greatly  decreased 
cost  in  production. 

In  addition  to  the  above  peculiar  advantages,  forms  of  this  description, 
while  they  evidence  the  required  freedom  of  invention  requisite  in  iron  archi- 
tecture, afford  opportunities  for  the  introduction  of  various  features,  such  as 
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cupolettes,  snn-Bhades  for  windows,  &o.,  by  which  peculiar  utiHty  is  com- 
bined with  peculiar  ornamental  effect.  Any  attempt  to  establish  a  system 
of  iron  architecture  which  would  exclude  this  character  of  form,  would  be 
not  only  to  degrade  and  limit  the  required  use  of  the  material,  but  would 
be  highly  detrimental  to  the  cause  of  art,  as  exercising  a  tyranny  oyer  the 
most  legitimate  and  highest  powers  of  iuTention  of  the  human  mind. 

On  the  Application  of  the  Second  Principle. — ^As  in  the  works  of  nature, 
where  time,  Uie  elements,  or  other  circumstances,  have  worked  upon  con- 
structions of  the  quaiiy,  as  in  the  frequently  fantastically  reliero  ibnn  of 
rocks;  so  in  the  modem  system,  and  in  the  primary  materials,  there  is  not 
one  of  these  essential  qualifications  but  may  be  exemplified  as  possessing 
the  charms  of  a  new  utUity  or  a  new  beauty  to  recommend  them ;  while  at 
the  same  time  that  most  important  consideration,  the  mmplification  and 
economy  of  building,  is  effected,  and  many  of  its  nuisances  removed  or  abated. 

In  treating  of  the  Second  Principle,  it  is  seen  that  the  general  abandon- 
ment of  the  particular  treatment  of  the  basso-relievo  ornamental  form,  as  it 
is  expressed  in  masonry,  is  considered  inevitable ;  and  in  substitution  there- 
of, "  Interstitial  Ornamental  Form  "  is  demanded  in  metal  For  this,  several 
powerfiil  reasons  are  given  in  the  following  extract  firom  the  Westoiinster 
Beview : — "  With  regard  to  the  merits  of '  Interstitial  or  Transparent  Form,' 
as  compared  with  that  which  is  massive  and  opaque,  from  its  being  carved 
or  cast  on  the  surface  of  a  solid  body,  it  may  be  remarked,  that  it  would 
probably  be  impossible  to  produce  a  design  for  the  one  which  could  not, 
without  some  slight  modifications,  be  carried  out  in  the  other.  It  is  apart 
from  the  contingent  position  and  circumstances  in  which  these  forms  are 
placed,  and  the  influences  which  are  brought  to  bear  upon  them  through 
the  agency  of  light,  and  its  action  upon  their  peculiar  combinations,  that 
the  excellences  of  the  one  in  comparison  with  those  of  the  other  can 
be  developed.  For  example — ^to  compare  great  things  with  small — if  we 
take  a  piece  of  lace  (a  fabric  in  the  highest  degree  susceptible  of  the  beauty 
of  interstitial  form),  and  paste  it  over  a  solid  body  of  its  own  colour, 
outline,  and  configuration,  it  will  remain  the  same.  Still  beautiM  it 
may  be,  but  illustrative  of  the  effect  produced  by  solid  and  opaque  foim, 
analogous  to  that  exhibited  in  the  surface-carved  or  relievo  ornament  of 
roiasonic  architecture.  Again,  if  the  same  piece  of  lace  be  stretched  over  a 
surface  of  agreeably  contrasted  colour,  the  beauty  and  elaboration  of  its  form 
will  become  much  more  manifest,  though  still  expressive  of  a  solidity  coinci- 
dent with  that  of  a  printed  or  embossed  pattern  over  an  opaque  substance, 
rather  than  of  the  transparent  qualities  in  which  its  intrinsic  excellence  con- 
sists. But  remove  this  piece  of  lace  from  the  substance  over  which  you  had 
stretched  it,  and  place  it  at  a  judicious  distance  in  advance  of  the  surface  of 
contrasted  colour,  the  action  of  light  falling  variously  upon  it;  and  the  result 
will  be,  not  only  that  the  beautiful  intricacy  of  its  forms  will  be  prominentiy 
exhibited,  but  a  superadded  peculiar  and  highly  interestiDg,  and  moreover 
entirely  gratuitous,  species  of  beauty  and  effect  becomes  produced,  through 
the  varied  repetition  of  its  forms  and  combinations,  and  the  ever^vaxyinf? 
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modifications  of  the  same  in  the  incorporeahties  of  shadow.  Now,  though  it 
may  he  brought  within  the  bounds  of  possibility  to  produce  interstitial  forms 
of  this  description  in  stone  or  timber,  of  proportions,  it  may  be  said,  delicate 
enough  for  the  purposes  of  architecture ;  yet  the  brittle  or  fragile  properties 
of  these  materials  compared  with  the  extraordinary  strength  and  tenacity  of 
iron  and  similar  substances,  renders  the  latter  the  most,  if  not  the  only 
efficient  medium,  for  the  realization  of  the  effects  to  be  produced  by  the 
systematic  use  of  these  forms  in  architecture." 

Moreover,  the  walls  or  other  parts  of  buildings,  from  the  surfaces  of 
which  features  of  this  character  are  suspended,  being  hollow  and  inter- 
stitial, further  justifies  this  character  of  ornament,  since  in  the  ancient  and 
established  architectures  the  ornamental  features  are  correspondent  with  the 
\7aU,  each  being  solid  or  opaque. 

But  not  only  is  interstitial,  suspended,  or  transparent  form,  consistent  and 
harmonious  with  hollow  walls,  but  the  iostruments  by  which  it  is  suspended 
from  the  same  are  of  necessity  associated  mih  metal  constructions ;  since, 
from  the  iron  ship  of  several  hundred  feet  in  length,  and  the  iron  gasometer 
of  equal  circumference,  down  to  the  handle  of  a  coal-scoop  or  candlestick, 
the  pin  or  rivet  presents  itself  as  the  expressive  medium  of  connection 
between  the  several  parts  of  which  metallic  constructions  are  composed. 

Another  advantage,  peculiar  to  the  character  and  disposition  of  the  oma- 
mental  form  in  question,  is  its  singular  power  and  efficiency  for  maintaining 
the  beauty  of  cleanliness. 

In  the  carved  or  basso-relievo  form,  especially  in  exteriors  exposed  to  a 
humid  atmosphere,  so  fully  chaiged  with  particles  of  soot  and  dirt,  and  embryo 
vegetable  matter,  as  our  own,  it  is  impossible,  without  frequentiy-repeated 
washing  and  brushing,  to  preserve  such  a  state  of  cleanliness  as  is  requisite 
to  exhibit  the  lights  and  shadows  of  the  original  work,  or  to  protect  the 
forms  in  question  from  the  accumulations  necessarily  engendered  within 
the  sunken  hollows  of  carved  forms,  especially  when  these  are  of  rich  or 
bold  proportions. 

In  the  metallic  interstitial  foim,  on  the  contrary,  as  applied  in  accordance 
with  the  proTdsions  described,  the  necessity  for  cleansing  operations  of  this 
nature  is  almost  entirely  removed :  for,  independenfly  of  the  non-absorbent 
properties  of  iron,  and  the  absence  of  the  glutinous  and  slimy  surface  occasioned 
by  the  growth  of  minute  vegetable  and  animal  life,  so  inseparable  from  stone ; 
the  position  in  which  the  various  features  are  placed  in  relation  to  the  walls 
(at  various  angles,  according  to  their  office  or  character),  at  a  clear  distance 
in  advance  of  the  sur&ce,  is  calculated  to  effect  the  continual  cleansing  and 
washing  of  their  interstices,  through  the  natural  action  of  wind  and  rain. 

The  Third  Primary  Principle,  or  treatment  in  dose  connection  with  the 
first  primary  principle,  and  in  contrast  with  the  second,  manifested  in  me- 
dallic  low  relief,  or  intaglie  form,  or  repouse  work,  and  generally  in  obedi- 
ence to  the  manipulative  requirements  and  thickness  of  the  plates.  This, 
though  involving  no  invention,  constitutes,  with  the  second  principle,  two 
distinct  characters  of  form  to  that  of  the  one  principle  of  relievo  form  in 
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masonry,  altboiigh  in  the  decorations  of  that  system  three  diit'erent  characters 
of  relievo,  viz.  basso,  mezzo,  and  alto-relievo,  are  employed.  Both  these  dis- 
tinct principles  are  demanded  for  the  adequate  architectural  expression  of 
metallic  powers,  peculiarities,  and  requirements  in  iron  architecture. 

The  Fourth  Primary  Principle  is  manifested  in  the  suspension  portico, 
or  light>adinitting  longitudinal  covered  way,  in  substitution  and  equivalent 
for  the  columnar  portico,  colonnade,  and  arcade  in  the  ancient  system ;  as 

also  in  the  ap- 
plication of  sus- 
pension chains 
and  brackets  to 
corresponding 
towers,  turrets, 
and  canister 
walls ;  or  in  sup- 
ports for  sus- 
taining roofs  to 
buildings  of  such 
extent  as  to  re- 
quire, in  the  ma- 
sonic arts,  the 
construction  of 
expensive  piers 
and  columns. 
Wg.  96.  Forms  and  ar- 

rangements of  this  description  offer  peculiar  advantages  in  application  to 
railway  termini  and  platforms ;  public  entrances  and  covered  ways,  perfectly 
lighted  and  ventilated,  for  streets,  theatres,  and  other  extensive  buildings 
for  purposes  of  exhibition  or  assembly;  terraces,  conservatories,  state  apart- 
ments, &c. 

lite  Advantages  specially  resulting  from  the  application  of  the  suspension 
principle  are  numerous.  They  afford  the  shelter  of  roofs  from  rain  and  sun« 
without  the  obstruction  of  light,  air,  and  view,  and  the  saving  of  the  entire 
space  usually  occupied  by  piers  and  columns;  which  are  generally  unfit, 
frequently  highly  dangerous,  as  in  some  of  our  railway  constructions,  and 
rarely  needed  in  iron  architecture,  which,  in  obedience  to  the  hitherto  un- 
developed powers  of  the  material,  admits  the  utmost  liberty  of  invention, 
restrained  only  by  obedience  to  those  general  laws  which  alike  govern  all 
constructive  art.  It  also  offers  a  facility  for  carriages  to  set  down  and  take 
up  passengers  entirely  under  cover,  and  not  beyond  the  roof  of  the  portico ; 
the  saving  of  all  expense  in  piers  and  columns ;  capacity  for  the  attainment 
of  eveiy  variety  of  grace,  lightness,  and  elegance  in  effect,  from  the  har- 
monious introduction  of  colour  and  resplendence,  combined  with  the  due 
exhibition  of  those  powers  and  properties  which  distinguish  metal  from 
stone  and  timber. 

On  the  Application  of  the  Fourth  Principle. — It  is  a  rigidly-observed  law. 
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especiallj  throughout  the  highest  productions  of  nature  as  in  those  of  art, 
that  out  of  the  primary  generic  principle  issue  those  which  are  of  a  secondary 
character.  However  important  those  secondary  ones  at  times  hecome,  they 
are  ever  harmonious  with  that  of  the  parent  principle. 

The  entrance  into  a  different  world  of  construction,  whereby  the  relin- 
quishment of  the  dead-weight  vertical  pressure  upon  the  earth,  unavoidable 
in  the  ancient  materials,  and  so  fatal  in  earthquakes ;  and  the  necessarily 
embracing,  amongst  others,  that  distinguishing  property  of  the  new  and  life- 
like materials,  of  horizontal  thrust,  in  predominance  over  that  of  vertical 
pressure.  In  the  more  ornamental  forms,  features,  and  inventions  of  the 
second  principle,  though  there  is  seen  to  issue  the  like  required  abandonment 
of  the  heavy  stone  basso- rehevo  form,  and  solid  geometric  quantity,  yet  even 
here  the  nobleness  and  (in  its  own  peculiar  way)  the  sublimities  of  architec- 
ture are  preserved  In  the  more  important  assemblage  of  forms,  features,  and 
inventions  of  this  fourth  principle,  solid  geometrical  quantity  may  be  fitiy 
said  to  be  described,  rather  than,  as  ancientiy,  embodied. 

The  Fifth  Primary  Principle  consists  in  the  general  substitution  of  curves 
at  junctions  to  the  utmost  extent  consistent  with  economy,  throughout  the 
primary  parts  and  apertures  of  . 
buildings,  in  contradistinction  to-^  ^ 


the  angular  forms  so  prevalent  in 
all  erections  in  masonry.  The 
affinities  of  this  general  character 
of  form  are  existent  in  those 
orders  of  natural  structure  where- 
in the  analogies  of  metallic  struc- 
tures are  found  to  reside,  in 
which  utility  the  most  compre- 
hensive, and  beauty  the  most 
perfect  are  manifested ;  and  from 
the  example  of  which  the  other 
distinctive  principlea  of  the  sys- 
tem are  derived. 

The  Advantagei  of  this  prin- 
ciple are,  increased  cleanliness 


Pig.  97. 


from  the  absence  of  dirt  and  moisture,  which  accumulates  in  receding  angular 
forms ;  greater  convenience  from  the  absence  of  the  acute  projections ;  in- 
creased suitability  to  the  economy  and  properties  of  metal,  by  the  avoidance  of 
all  tendency  to  corrode,  common  to  receding  angles  in  constructions ;  less 
liability  to  injurious  effects  from  contraction  and  expansion;  and  capacity  for 
increased  beauty,  from  its  nearer  approximation  to  the  highest  order  of  form 
in  construction. 

On  the  Application  of  the  Fifth  Principle. — On  the  subject  of  non-angular 
form,  the  facts  and  arguments  advanced  in  the  author's  various  publications 
all  tend  to  this  result,  that  as  in  art  (to  speak  abstractedly  of  lines  and  forms) 
the  non-angular  or  curved  form  is  superior  in  almost  every  respect  to  that 


Digiti 


ized  by  Google 


488  PROCESS  OF  OLASS  ENAMELLIKO.  j 

which  is  angular,  bo  this  principle  must  (and  in  the  ablest  practical  works  is) 
never  lost  sight  of,  whether  in  the  constmctiye  or  in  the  decorative  manipu- 
lation of  the  material;  it  is,  moreover,  advisable  to  adopt  it  to  the  utmost 
possible  extent,  where  not  at  variance  with  the  requirements  of  architectore. 

The  Sixth  Primary  Principle  consists  in  the  application  of  a  coating  of 
some  kind  indispensable  for  iron,  such  as  of  glass  enamel  in  colour,  patented, 
and  offering  a  cheap  process  of  almost  eternal  durability,  of  paint  or  gilding ; 
or  various  other  methods,  which,  though  not  always  necessary  in  the 
analogous  materials,  are  ever  justified  in  cases  where  they  axe  properly 
applied. 

The  Application  of  the  Sixth  Prxndple,  or  appliance  of  a  coating  or  covering 
for  the  iron,  embraces  in  iron  architecture  a  two-fold  requirement — namely, 
the  protection  of  the  iron  in  all  cases,  in  the  first  place ;  and  in  the  next 
plkce,  the  attainment  of  that  species  of  art  or  beauty  which  results  from  the 
introduction  of  the  varied  colour  demanded  for  the  satisfiactoxy  realization  of 
an  art  work  as  an  agreeable  whole,  especially  in  interiors. 

For  the  first  purpose,  the  patent  process  of  glass  enamelling  over  the  iron 
seems  much  superior  to  any  other,  though  various  methods  suggest  them- 
selves. With  regard  to  the  second,  some  observations  are  contained  in  the 
new  forms  in  architecture  (sixth  principle) ;  but  these  requirements  can 
only  be  truly  exemplified  in  designs  and  in  realized  works.* 

The  principle  of  structure  in  iron  architecture  must  be  analogous  with 
that  of  wooden  structure,  dealing  as  it  does  with  a  material  adapted  for  elabo- 
ration, in  the  foxm  of  pillars,  of  framing  panels,  and  tensile  beams.  It  must 
be  composed  of  frame-work  and  panelling.  Vertical  pillars  or  supports  of 
cast  or  wrought-iron  are  connected  beneath  the  surface  of  the  ground  by 
bed  or  foundation  plates,  and  by  horizontal  beams  at  convenient  intervals, 
showing  proportional  outlines.  The  main  pillars  and  beams  may  be  sub- 
divided by  smaller  intersections ;  or  they  may,  for  effect  and  strength,  be 
grouped  alternately,  or  nearly  duplicated.  Into  these  intersections  the  panels 
are  to  be  inserted  in  prepared  grooves,  the  panels  being  double,  and  leaving 
an  air-space  of  greater  or  less  thickness  between  them,  with  provision  for 
heating  the  air,  fixed  and  stationaxy  m  cold  weather,  and  current  in  warm 
weather,  to  compensate  for  cold,  by  a  non-conducting  medium  retaining  the 
'  heat  in  the  building,  and  carry  off  heat  by  the  cooling  process  6f  free  air 
within  the  double  wall.  Were  the  apartments  lined  with  non-conducting 
materials,  the  provision  for  heated  air  would  not  be  necessary. 

The  panels  may  be  of  cast  or  wrought-iron,  though  wrought  wHl  be  pre- 
ferable for  the  lightness  which  it  combines  with  strength.  Occasionally 
slate  or  porcelain  might  be  used,  especially  for  interiors ;  and  the  sur&ces  of 

*  It  is  more  especially  imder  the  head  of  Second  Principle  that  the  law  has  secured 
to  the  author  the  rights  of  patent.  The  use  of  any  architectonio  features,  possessing 
the  essentials  of  that  principle,  as  also  those  of  the  Fourth  Principle,  are  not,  there- 
fore, open  to  promiscuous  use.  Professional  gentlemen  and  others  desirous  of  extend- 
ing tho  adcantages  of  the  system,  may  communicate  with  Mr.  Yose  Pickett,  58, 
Jermyn-street,  London. 
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the  panels  can  be  cast  or  embossed,  and  adorned  mth  deyices  and  oznamental 
-work  analogous  to  the  purposes  of  the  bnilding,  vaxying  the  design  to  suit 
the  inside  and  the  outside.  The  same  principle  of  structure  will  apply  to 
the  rooft  and  the  floors;  with  this  difference,  that  the  ceiling  plates  and 
flooring  plates  may  be  laid  on  the  hori2ontal  surface,  instead  of  being  grooved 
in  like  the  walls.  The  ceiling  plates  should  be  formed  by  enclosed  panels, 
the  apex  in  the  centre  of  each  serving  as  a  ventilating  orifice  between  the 
ceiling  and  floor ;  and  the  hollow  space  in  the  walls  and  in  the  floors  serving 
to  contain  the  chimney  and  warm-air  pipes,  conveying  air  to  any  part  of  tbe 
floor  or  wall  where  it  may  be  required. 

The  plate  cases  can  be  of  light  ornamental  structure,  and  thus  in  the 
building  itself  there  need  be  no  combustible  material.  But  it  is  advisable 
that  the  surfieuse  of  the  floors  should  be  of  non-conducting  materials,  and  yet 
a  part  of  the  structure.  The  simplest  mode  of  accomplishing  this,  is  by 
means  of  a  moveable  parqueterie  arranged  in  triangular  forms,  supported  on 
the  extreme  points  or  feet,  and  standing  hollow  on  the  floor  below.  These 
can  be  made  of  light  angle-iron  frames  boafded  with  wainscot,  of  very 
beautiful  patterns,  and  of  great  variety,  capable  of  being  changed  &om  time 
to  time.  By  small  openings  between  the  edges  of  the  frames  a  provision 
may  be  made  for  dust  to  descend,  which  may  be  cleared  away  at  intervals 
by  taking  up  the  carpets,  or  other  coverings  laid  on  the  parquet  flooring. 

It  may  not  be  out  of  place  here  to  describe  an  iron-framed  and  slate- 
slab  house  which  was  built  by  Mr.  George,  and  satisfactorily  tested.  The 
house  was  about  24  feet  in  length,  by  13  feet  in  width ;  of  two  floors,  with 
two  rooms  on  the  lower  floor  and  two  on  the  upper;  the  whole  quantity 
of  wrought-iron  (there  was  no  cast  used)  was  between  1^  and  2  tons ;  the 
quantity  of  slate-slabs  about  27  tons — ^walls,  floors,  ceilings,  roofe,  stairs, 
chimneys,  doors^  &c.,  being  all  of  this  material :  the  whole  structure,  with 
the  exception  of  the  glass  for  the  windows,  being,  in  this  instance,  limited 
to  these  two  materials.  The  weight  of  a  brick-and-mortar  and  tiled 
house  of  like  dimensions  wotQd  be  about  120  tons,  or  four  times  that  of  the 
slate  house.  If  the  house  had  been  panelled  with  iron,  it  would  have  been 
of  considerable  less  weight.  The  space  occupied  by  the  double  walls,  with 
the  air-chamber,  was  2}  inches.  The  outside  walls  were  composed  of  1-inch 
thick  slabs,  upwards  of  8  feet  high,  and  8  feet  0  inches  wide ;  the  inside 
wall  slabs  were  about  ^ths  in  thickness:  so  that  this  small  structure  of 
wrought-iron  framings,  panelled  in  with  slate-slab,  almost  rivalled  a  con- 
struction of  iron  only.  It  was  put  together  on  the  dove-tail  principle,  with- 
out the  use  of  pins  or  screws ;  and  when  prepared,  a  few  days  would,  and  did, 
suffice  for  its  erection.  The  inventor,  Mr.  Joseph  George,  did  not,  in  this 
instance,  perfect  it;  yet  it  is  valuable  as  leading  the  way,  and  showing  one 
method,  of  the  smallest  and  most  economical  possible  use  of  the  great  staple 
material  of  the  new  system. 

Here  was  a  construction,  fire-proof,  undecaying,  formed  like  a  box,  bound 
together  at  the  foundation  as  well  as  roof,  and  of  such  stability,  that 
if  exposed  to  the  most  tremendous  earthquake,  even  if  thrown  upon  its 
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beam-ends,  it  would  have  every  prospect  of  remaining  unugnred — a  perfect 
contrast  to  brick  and  stone  erections,  which  exist  by  means  of  vertical  pres- 
sure upon  the  earth,  while  those  of  iron  exist  by  horizontal  thmst,  This 
constraction,  if  a  humble,  was  an  honest  building.  The  builder  says,  ivith 
all  its  advantages,  he  can  produce  it  cheaper  than  brick.  The  history  of 
this  house,  unfinished,  would  furnish  an  eloquent  lesson  for  the  public  to 
thiuk  upon  as  weU  as  act  for  themselves,  if  we  had  space  to  dwell  upon  it. 

About  1860,  a  granaiy  was  erected  for  the  use  of  the  Queen's  stud,  which 
may  be  seen  at  Cumberland  Lodge,  in  Wiadsor  Park,  of  wroughtiron  and 
slate- slab.  It  was  elevated  upon  brick  to  the  height  of  the  floor  of  a  waggon, 
which  was  not  a  necessary  part  of  the  construction;  while  the  imperfect 
inner  wall  was  of  wood.  But  this  construction,  when  perfected,  is  enable 
of  application  to  works  of  magnificence,  as  the  writer  has  applied  it  in  his 
designs  for  a  church.  It  must  be  stated,  that  in  the  granary  the  extremely 
small  quantity  of  iron  used  was  such,  that  the  builder  had  to  rely  for 
rigidity,  and  stiffiiess,  to  a  very  considerable  extent,  upon  the  panelling.  This 
compelled  him  to  fill  in  his  panelling  simultaneously  with  the  erection  of  the 
firaming— a  manner  of  construction  which,  though  capable  of  improvement, 
has  certainly  not  the  advantage  of  that  judicious  use  of  east  with  wrought- 
iron,  exemplified  in  the  previous  erection  of  the  skeleton  or  firaming,  as  the 
appropriate  law  of  a  truly  architectural  work. 
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CHAPTER  XXV. 

IBOM-WOBKIKO  IN   ITS  APPLICATION  FOB   USE  AND    OBNASOENT. 

OeiMsal  Romazlu. — ^Tlie  preceding  treatises  have  hitherto  dealt  more 
partLcnlarlj  with  the  manufacture  of  iron,  and  its  application  to  the  construc- 
tion of  those  great  works  which  have  earned  for  our  country  a  reputation 
bounded  only  by  the  limits  of  the  world  itself.  England  is  emphatically 
the  emporium  of  iron  manufacture ;  and  in  every  land  are  the  products  of  her 
manufactories,  and  the  labours  of  her  artizans  in  that  metal,  to  be  found.  It 
has  been  remarked,  that  the  extent  of  the  production  of  iron,  in  connection 
with  the  skill  with  which  it  is  worked,  is  a  true  index  to  the  civilization 
and  intelligence  of  a  coimtiy.  If  you  want  to  arrive  at  this,  learn,  says 
Chevalier,  if  much  iron  is  consumed;  look  at  its  tools,  utensils,  and  ma- 
chinery; examine  what  figure  iron  makes  among  them;  and  if  these  are 
numerous,  sohd,  and  well  made, — ^if  iron,  whether  cast  or  forged,  or  con- 
verted into  steel,  enters  largely  into  their  construction, — ^if  the  workmen 
who  use  these  do  so  with  fiudHty,  if  they  keep  them  in  good  order, — ^then,  if 
such  is  the  case,  you  may  with  closed  eyes  declare  that  the  nation  the  arti- 
zans of  which  can  do  so  is  advanced,  very  far  advanced,  in  industry.  If,  on 
the  contraiy,  the  consumption  of  iron  is  limited, — if  the  iron  tools  are  badly 
made,  and  if  in  the  machinery  or  apparatus  iron  is  but  sparingly  used,  and 
then  in  connection  with  bad  workmanship  and  inferior  finish — declare  that 
that  nation  is  behind  the  age,  and  must  be  classed  in  an  inferior  rank.  By 
patience  and  perseverance  a  few  branches  of  industry  ministering  to  luxury 
may  achieve  perfection ;  but  in  general  its  position  will  be  only  secondary  and 
its  production  limited,  the  tools  inferior,  the  machinery  bad  and  defective : 
deprived  of  such  comforts  as  flow  firom  cheap  production,  consequent  upon 
superior  tools  and  the  cheap  raw  material  of  which  these  are  made,  the 
population  will  be  comparatively  miserable.  Great  and  skilful  as  many 
comparatively  uncivilized  nations  are  in  the  manipulation  of  gold,  silver,  and 
precious  stones,  it  is  the  subject  of  remark  how  very  crudely  made  and 
inferior  are  the  -examples  of  iron-working,  where  such  are  to  be  found  fabri- 
cated by  the  workmen  of  the  country ;  objects  resplendent  with  gold,  show, 
where  portions  of  iron  are  introduced,  that  these  are  crudely  made,  rough  on 
the  Bur&ce,  imperfectly  welded,  unequal  in  thickness,  and  covered  with  hammer 
marks.  These  defects  are  traceable  to  their  having  but  little  iron,  and,  as  a 
consequence,  being  comparatively  ignorant  of  the  art  of  working  it  The 
Age  of  Iron,  of  which  poets  have  written  so  disparingly ,  is  not,  then,  after  all, 
the  hard,  unfeeling,  cold  material  age  which  they  have  visioned  forth;  but  is 
one  of  increased  comfort  and  happiaess  to  the  thousands  who  live,  move, 
and  work  under  its  benign  auspices.    England  without  her  iron  would  only 
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occupy  an  inferior  position  among  the  nations.  Take  from  her  her  raikoads, 
which  spread  like  net-work  over  the  length  and  hreadth  of  the  land ;  her 
locomotives  which  traverse  them ;  her  enormous  iron  tubes  which  span  the 
estuaries  of  the  Menai  and  the  Conway ;  her  iron  steamers,  which  bridge  the 
seas ;  her  stationary  steam-engines,  which  endow  with  vitality  milHofna  of 
spindles  in  Lancashire  alone,  and  give  life  and  motion  to  thousands  of  in- 
genious machines  in  Warwickshire  and  Staffordshire;  her  Czystal  Palace. 
which  glistens  in  the  morning  sun  on  the  heights  of  Sydenham:  without  her 
iron,  untilled  would  remain  much  of  the  land  on  the  swr&joe  of  the  ^obe ; 
rank  vegetation  would  cover,  choke  up,  and  place  a  limit  to  the  fertility  for 
useful  purposes  of  the  fsdrest  regions  of  the  eartli's  surface :  the  ore  would 
sleep  in  the  darkness  of  the  mine — ^the  wild  beasts  of  the  forest  roam  over  flie 
prairie  and  prowl  in  the  jungle,  contesting  their  empire  with  that  of  man 
himself ;  millions  of  doors  would  remain  unfastened ;  thousands  of  appliances 
which  are  used,  and  are  now  essential  almost  to  the  very  existence  of  man- 
kind, would  be  denied  them.  In  the  production  of  these,  England,  thanks  to 
the  abundance  of  her  iron,  has  so  succeeded  in  acquiring  the  means  of  cheaply 
making  them,  as  to  secure  a  market  for  her  products  in  that  material  in  every 
quarter  of  the  world.  With  these  remarks,  we  proceed  to  direct  attention  to 
the  manipulation  as  employed  in  the  making,  manufacture,  and  practical 
application  of  iron  to  the  smaller  ajrticles  for  use  and  ornament  formed  from 
that  invaluable  metal. 

Kanlpvlatlon. — ^Iron  may  be  worked  in  two  different  ways ;  namely, 
it  may  be  run,  when  melted  into  a  fluid  state,  into  spaces  formed  in  sand  by 
the  use  of  patterns  or  moulds,  which  leave  their  impress  in  it;  and  in  its 
malleable  state  it  may  be  hammered  or  forged.  In  either  case  a  comdderable 
amount  of  manipulative  skill  is  required ;  and  just  in  proportion  to  the  prac- 
tical knowledge  and  skill  of  the  workman  employed,  is  the  excellence  of  the 
workmanship  produced. 

At  page  208  will  be  found  a  general  description  of  the  process  of  founding 
and  moulding  in  the  various  branches  of  open,  green,  and  dry  sand,  as  also 
the  formation  of  loam  moulds;  the  melhods  therein  described  give  an 
excellent  idea  of  the  principles  of  moulding  employed  in  the  formation  of  the 
larger  examples  of  iron  castings. 

The  casting  and  moulding  of  smaller  works  is  performed  in  identically  the 
same  manner,  the  only  difference  beiag  the  adoption  of  a  finer  sand,  and  in 
greater  attention  being  paid  to  the  "  facing."  When  the  olfject  desired  is  of 
an  ornamental  kind,  its  surface  is  covered  with  minute  details,  the  result  of 
the  united  labour  of  designer,  modeller,  and  chaser.  In  Chapter  X.  the 
works,  the  moulding  of  which  are  therein  described,  are  large,  and  require 
solidity  rather  than  smoothness  of  skin  as  a  first  requisite :  for  such  the 
patterns  are  formed  of  wood ;  but  for  smaller  and  more  ornamental  castings, 
the  models  or  patterns  are  usually  made  of  block  tin,  any  alloy  of  tin  and 
lead,  or,  what  is  better  still,  of  brass — ^the  advantages  possessed  by  the  latter 
material  over  the  first  being  its  hardness  and  its  fitness  for  preserving 
the  **  mattinp^"  or  '*  chasing"  when  such  is  introduced.     It  also  assists  in 
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retaining  the  sharpness  of  the  edges  of  the  ornament  under  the  ahrasion 
arising  from  its  freqneni  remoTal  from  the  sand ;  and  in  patterns  of  a  slender 
and  delicate  kind»  it  is  less  liable  to  the  distortion  which  wonld  follow  any 
accidental  blow  which  it  might  receiTe  while  undergoing  the  process  of 
moulding.  Brass  is  also  superior  to  iron,  as  being  less  liable  to  sweathig, 
less  liable  to  encourage  the  damp  arising  from  the  sand  in  the  formation  of 
the  mould,  and  which  induces  the  adhesion  of  the  sand  to  the  model — a  con- 
tingency which  it  is  well  to  avoid  as  much  as  possible.  Every  iron-founder, 
however,  has  in  his  pattern-room  a  considerable  amount  of  value  in  iron 
patterns,  which  if  made  of  brass  would  form  a  very  considerable  amount  of 
sunk  capital;  this  consideration,  doubtless,  determines  in  many  instances  the 
adoption  of  iron.  Another  kind  of  pattern  is  formed  of  wood,  with  the  orna- 
mental portions  of  metal ;  these  are  stuck  on  the  wood  foundation  with  spikes 
or  screws.  It  may  be  here  remarked  that  ornamental  patterns  of  metal  for 
grate  or  stove  frt)nt8,  fenders,  and  railings  of  various  kinds,  are  not  usually 
matted,  but  require  to  be  made  smooth  by  a  scraper.  By  whatever  means, 
or  out  of  whatever  material,  the  patterns  or  models  axe  made,  their  end  and 
intention  are  the  same, — ^viz.  to  form  an  impression  in  the  sand,  a  matrix 
or  cavity  into  which  the  melted  metal  is  to  run. 

In  considering  the  casting  in  copper  and  its  alloys,  the  various  processes 
pursued  in.  the  construction  and  preparation  of  the  moulds  or  patterns  of  an 
ornamental  kind  will  be  explained  at  length ;  for  the  present  we  will  presume 
that  the  pattern  is  made  and  placed  in  the  hands  of  the  moulder,  whose  part 
it  is  to  take  a  perfect  copy  from  it.  There  is  little  difficulty  in  accomplishing 
this  if  the  subject  is  of  a  simple  kind,  such  as  an  ornamental  panel  in  low 
relief,  with  every  portion  of  the  ornament  tapering  outwards,  and  presenting 
no  portions  which  are  either  quite  perpendicular  or  overhanging :  perpendicu- 
lariiy  increases  the  difficulty  of  removal,  and  overhanging  portions  tear  the 
sand  away.  Where  the  subject  is  in  alto,  or  full  relief,  as  in  figures,  animals, 
foliage,  or  flowers,  there  is  great  difficulty,  and  a  very  considerable  amount 
of  skilful  manipulation  required ;  in  truth,  it  can  only  be  accomplished  by 
increasing  the  number  of  pieces  of  sand,  or  building  up,  bit  by  bit,  the 
mould  by  means  of  what  is  technically  called  "  false  cores :"  what  these  are 
will  be  best  understood  by  referring  to  the  cut  of  the  pulley  moulds  at  page 
206.  It  will  there  be  seen  that  the  cavity  or  groove  in  which  the  cord  is 
intended  to  work,  could  not  be  taken  from  the  sand  in  the  mould  were  it 
simply  imbedded  in  the  sand  of  a  two-part  casting  box,  and  were  the  pattern 
in  one  piece,  because  it  could  not  be  removed ;  or  in  the  removal  that  portion 
of  the  sand  which  fills  the  groove  in  the  mould  would  be  torn  away  in 
attempting  its  release,  and  instead  of  a  groove  we  should  have  a  solid  mass 
of  metal :  this  is  obviated  by  the  construction  of  the  pattern,  which  is  in 
two  parts,  separating  in  the  centre,  and  fitting  together  by  means  of  a  pin. 
The  sand  which  forms  the  mould  is  in  three  portions  or  masses,  two  of  which 
form  the  parts  corresponding  to  the  sides  of  the  pulley,  and  the  third  the 
groove.  It  is  by  the  multiplication  of  separate  portions  of  sand  or  ^*  fedse 
cores,"  corresponding  to  that  which  fonns  the  groove  of  the  pulley,  that  the 
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moulding  of  complex  castings  of  an  ornamental  kind  is  effected.  If,  far 
example,  we  desire  to  produce  a  mould  from  a  figure  in  fuU  relief,  where  the 
drapery  represented  is  in  deep  folds,  and  the  arms  stand  out  from  the  body, 
it  must  be  evident  that  at  the  sides  the  sand  would  be  torn  away  by  the 
folds  of  the  drapery;  and  the  same  result  would  follow  with  that  portion  of 
the  sand  which  filled  up  the  space  between  the  arms  and  the  body:  this 
is  obviated  by  the  pattern  being  so  constructed  that  it  can  easily  and  readily 
be  put  together  or  taken  to  pieces  when  in  the  sand.  The  drapery,  again, 
presents  an  obstruction ;  but  here  the  ''false  core"  system  comes  into  plaj, 
and  piece  after  piece  of  sand  is  added,  until  the  whole  of  the  pattern  or 
mould  is  covered.  The  consistency  to  which  the  sand  is  brought,  and  its 
cohesive  properties,  permit  of  the  separation  or  hfting  away  of  these  *'  false 
cores,"  and  the  removal  of  the  pattern;  when  these  are  again  replaced 
in  their  proper  situations,  and  the  mould  closed.  The  careful  joining  of 
these  ''cores"  is  a  matter  of  very  great  importance,  in  order  to  secure 
good  work  with  as  little  roughness  at  the  junctions  of  the  several  separate 
pieces  of  sand  as  possible.  The  steadiness  of  these  cores  when  laid  in  is  also 
a  matter  of  moment:  did  one  of  these  project  too  much  into  the  matrix,  a 
hollow  or  imperfection  would  be  shown  in  the  casting ;  on  the  contrary,  were 
one  of  these  to  move  accidently  too  far  back,  when  the  box  is  prominently 
closed,  a  rotundity  would  be  the  result :  in  either  case,  there  would  be  an 
imperfection  in  the  casting. 

In  ornamental  examples  of  iron  casting,  it  is  much  more  necessary  that 
these  should  be  cast  more  together  or  complete  than  in  either  brass  or  bronze 
casting.  In  the  latter,  separate  pieces  may  be  attached  by  means  of  hard 
solder ;  but  the  iron-founder  cannot  apply  hard  solder :  he  can  only  have 
recourse  to  pins  or  screws  to  form  his  attachments  where  he  casts  his  work 
in  pieces.  If  we  take,  for  example,  the  model  of  a  horse  or  stag  standing 
upon  its  four  legs ;  in  either  case,  the  trunk  of  the  animal  could  be  cast 
separately,  the  legs  also  separately,  and  these  might  be  screwed  into  their 
proper  places.  For  purposes  of  sale,  no  doubt  the  above  method  is  by  fiir  the 
most  economical  of  time ;  but  viewed  as  a  bona-Jide  exemplification  of  the 
moulder's  art — and  this  is  what  is  being  aimed  at — ^the  attachment  of  the 
extremities  by  means  of  screws  takes  away  from,  and  reduces  very  consider- 
ably,  the  merit  of  the  work.  In  the  admirable  castings  of  an  ornamental  kind 
produced  by  the  Golebrookdale  Company,  and  of  the  smaller  class  of  work, 
as  many  as  1 50  cores  are  used ;  and  the  time  consumed  in  the  preparation  of 
the  mould  extends  to  eight  or  ten  days  in  each  case.  One  of  these  cores, 
introduced  in  a  careless  manner  out  of  its  proper  position,  would  certainly 
render  valueless  all  the  time  and  labour  expended.  To  produce  good  cast- 
ings, the  principal  requisites  are  these : — ^A  good  and  well-made  pattern ;  if 
ornamental,  or  where  there  are  parts  in  full  relief,  that  these  parts  should 
be  so  made  that  they  may  be  alike  easily  removed  and  replaced,  and  at  the 
present  time  show  no  marks  at  their  junctions;  that  where  prints  are 
introduced,  in  order  to  rest  cores  upon — ^not  false  but  real  cores — such  as  serve 
to  lighten  the  casting,  as  in  the  body  of  a  horse,  which  may  thus  be  cast  hollow. 
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sach  cores  require  to  be  so  much  smaller  iu  every  direction,  as  to  produce 
the  thickness  of  the  metal  desired,  on  its  being  ran  into  the  space  left 
between  the  core  and  the  enter  impression  produced  by  the  pattern. 

It  is  necessary  to  observe  that  these  prints  are  so  placed  as  to  allow  a 
secure  rest  for  the  core  laid  in  them ;  the  sand  should  be  of  a  fine  tenacious 
quality,  which,  when  pressed  into  the  moulding-box,  will  cohere  together, 
and  at  the  same  time  sdlow  the  damp,  which  is  generated  by  the  heat  of  the 
melted  metal  poured  into  the  moulds,  to  escape.  The  workman  must  be 
possessed  of  patience  and  perseverance,  of  much  mechanical  ingenuity,  so  as 
to  be  able  to  detect  the  causes  of  failure  when  the  pattern  does  not  leave 
the  sand  in  a  smooth  manner.  Any  tearing  away  of  the  edges  of  the  mould, 
the  skilful  moulder  will  at  once  perceive  has  arisen  either  from  his  negligence 
in  sinking  the  model  below  its  proper  line,  or  from  an  error  on  the  part  of  the 
pattern-maker.  This  error,  once  detected  and  corrected,  should  not  occur 
agfiin,  and  be  attributed  to  tiie  modeller. 

The  method  more  commonly  in  use  in  iron  castings,  where  a  smooth 
surface  is  desired,  is  to  "  face"  the  mould,  as  it  is  technically  called  by  the 
workman ;  that  is  to  say,  cover  the  pattern  with  a  layer  of  fine  sand,  Imown 
as  "  facing  sand ;"  the  remainder  of  the  box  being  fiUed  up  with  a  sand  of  a 
coarse  and  freer  consistency,  which  facilitates  the  escape  of  air.  In  addition 
to  this,  it  is  not  unusual  to  remove  the  pattern  or  model,  and  dust  the  im- 
pression with  powdered  charcoal — a  charcoal  formed  from  burnt  wood,  and 
very  finely  ground ;  to  re-introduce  the  pattern,  and  apply  additional  pressure ; 
and  after  finally  removing  the  pattern,  increased  smoothness  of  8ur£B^  and 
fineness  of  texture  will  be  found  to  be  the  result  of  this  practice.  In  our  own 
experience,  we  have  seen  many  excellent  and  valuable  castings  spoiled,  and 
much  valuable  time  wasted,  by  neglecting  to  provide  free  exit  for  the  air  and 
moisture.  Another  defect  in  castings  not  unfrequently  arises  from  what  is 
called  the  "  washing*'  of  the  sand ;  t.  e.  the  sand  not  being  sufficiently  tenacious 
or  adhesive,  the  sharp  edges  of  the  impression  are  carried  away  or  defaced  by 
the  action  of  the  fluid  metal  in  its  progress.  The  consequence  is,  that  in  addi- 
tion to  a  want  of  sharpness  in  the  cast,  there  is  a  roughness  arising  from 
the  minute  particles  of  sand  so  washed  pitting  the  surfiice.  These  defects 
would  be  at  once  recognized  by  a  competent  judge,  and  the  casting  in  which 
they  were  evident  wotQd  be  at  once  rejected.  The  old  method  of  casting  such 
articles  as  stove-fronts  and  portions  of  fenders,  with  a  two-part  box  or 
moulding-flask — namely,  filling  up  the  first  half,  laying  on  it  the  pattern  of 
such  articles  as  have  already  been  named,  and  after  the  application  of  the 
parting  powder,  making  up  the  second  half  of  the  box  or  flask — ^is  a  process 
which  had  long  been  practised  without  improvement,  untO  very  recently, 
when  Mr.  Jobson,  of  Dudley,  invented  and  patented  a  method  by  which  the 
moulding  of  simple  ornamental  castings  was  reduced  to  an  operation  of  the 
utmost  simplicity;  greater  accuracy  being  also  secured,  and  the  perfection  of 
the  mould  very  much  increased,  the  castings  produced  therefrom  having,  at 
the  same  time,  less ''  fin"  or  roughness  at  the  edges,  and  more  uniformity  in 
thickness;  while  the  chances  of  bad  castings  are  very  much  diminished.  The 
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formatioii  of  the  mould  by  this  procoBS  may  be  confided  to  a  very  ordmaiy 
workman,  who  has  simply  to  fill  in  and  beat  the  sand  into  the  half-boxes 
placed  on  the  surface-blocks — ^the  one  corresponding  to  the  front,  the  other 
to  the  back  of  the  casting.  No  care  is  required  to  secure  the  safe  remoYsJ  of 
the  pattern,  as  it  is  stationary,  and  the  two  parts  of  the  box  have  simplj  to 
be  placed  together  when  completed.  As  the  improvement  is  an  important 
one,  we  give  the  process  in  exUnso, 

In  the  ordinary  plan  of  moulding  with  "  odd-side  boxes,"  the  pattern  from 
which  the  casting  is  to  be  made  is  imbedded  partly  in  the  sand  of  the  top  box, 
or  in  an  odd-side  board  prepared  for  the  purpose ;  the  bottom  box  is  then  placed 
upon  it,  and  rammed  full  of  sand,  imbedding  the  rest  of  the  pattern;  the 
boxes  are  then  turned  over,  and  the  "top  box"  or  ''odd-side"  lifted  off, 
leaving  the  pattern  in  the  sand  in  the  bottom  box ;  "  parting  sand"  is  then 
applied,  and  another  top  box  rammed  upon  it,  the  pattern  still  remaining 
between ;  the  boxes  are  then  separated,  the  odd-side  is  again  put  on,  the 
bottom  box  turned  over,  and  the  pattern  left  upon  the  odd-side.  After  the 
impression  of  the  pattern  in  the  sand  of  the  two  boxes  has  been  completed, 
and  any  damage  done  in  removing  the  pattern  repaired,  the  top  box  is  again 
placed  upon  the  bottom  one  in  its  original  position,  and  the  preparation  for 
casting  is  complete. 

When  the  pattern  is  long,  and  very  thin  and  intricate  (as  in  the  case  of 
an  ornamental  fender  front),  where  the  general  surface  is  also  curved  or 
"  winding,"  as  in  Fig.  98,  the  difficulty  of  picking  out  the  pattern  from  the 
mould  is  so  great  as  to  require  the  most  skilful  workman ;  and  the  length  of 
time  required  for  repairing  the  injuries  of  the  mould  is  sudi  that  eight  sets 
of  fender  castings  per  day  is  the  general  limit  to  the  number  that  can  be 
moulded  by  a  man  and  boy.  But  however  difficult  a  pattern  may  be  to  mould 
in  the  ordinary  way,  if  it  is  arranged  to  "  draw"  properly  from  the  mould 
by  the  new  process,  the  labour  is  very  little  greater  than  wi^  an  easy  pattern ; 
and  the  saving  of  time  is  so  great,  that  as  many  as  thirty  per  day  are  moulded 
by  a  man  and  boy,  being  four  times  the  number  that  Uie  best  moulders  can 
produce  by  the  ordinary  plan. 

When  the  pattern  is  long  and  slender,  it  is  liable  to  be  broken  by  the  fre- 
quent handling  to  which  it  is  subjected  in  the  ordinary  process  of  moulding, 
and  the  expense  and  delay  caused  by  such  breakage  is  of  serious  con- 
sequence in  light  ornamental  work,  where  the  patterns  are  often  very  expen- 
sive ;  by  the  new  plan,  however,  this  is  entirely  avoided,  as  the  pattern  is  never 
handled  at  all,  except  in  the  original  process  of  moulding  to  form  the  ram- 
ming-blocks.  When  the  face  of  the  casting  is  required  to  be  particularly  well 
finished  (as  in  the  case  of  ornamental  work) ,  a  brass  or  other  metal  pattern  is 
prepared  and  dressed  up  to  the  degree  that  may  be  desired  in  the  castings, 
and  any  chasing  or  additional  ornament  put  upon  it ;  then,  after  forming  the 
ramming-block  for  the  bottom  box  by  a  plaster  cast  from  the  pattern  in  the 
manner  hereafter  to  be  described,  the  pattern  itself  is  made  to  form 
the  permanent  face  of  the  ramming-block  for  the  top  box  (as  in  Fig. 
98),  by  leaving  it  in  the  mould  when  the  plaster  is  poured  in,  so  that  the 
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Fig.  98. 


plaster  forms  merely  the  parting  feice  and  a  solid  back  to  the  pattern.  In 
this  ease  the  iron  pattern  is  secured  to  the  cross-bars  of  the  box  by  several 
small  bolts,  screwed  up  to  plates  at  the  back  of  it ;  so  that  when  the  plaster 
is  ponred  in,  filling  np  the  whole  vacant  space  of  the  box,  and  setting 

soHd  aronnd  these  bolts  and  over  the 
nuts,  the  iron  pattern  becomes  so  firmly 
secured  in  the  box  that  no  ramming  or 
moving  to  which  it  is  afterwards  subjected 
has  any  chancd  of  loosening  it. 
The  process  will  be  better  understood  by  referring  to  the  annexed  wood- 
cats,  wherein  Fig.  98  shows  the  pattern  attached  to  the  snrfiice  of  the  ram- 
miDgblock  or  bed;  from  this  is  made  the  ornamental  fuse  of  the  casting. 
Fig.  99  shows  the  ramming-block  for 
the  back  part  of  the  casting;  Fig.  100,  the 
two  parts  of  the  mould  closed  together; 
and  Fig.  101,  the  section  of  the  mould- 
box,  showing  the  arrangement  by  which 
the  two  parts  of  the  box  are  held  steadily  together,  and  by  which  they  are 
made  to  register  correctly. 

In  this  plan  the  mould  for  the  iSftce  of  every  casting  is  formed  firom  the 

original  metal  pattern,  and  the  pattern 
itself  is  firmly  and  permanently  secured 
in  the  plaster  bed ;  so  that,  however  thin 
and  delicate  it  may  be,  there  is  no  risk  of 
injury  to  the  pattern  in  moulding  any 
number  of  castings ;  as  many  as  8000  have 
been  oast  without  injury  to  even  slender 
ornamental  patterns  by  this  process.  In  forming  the  ramming-blocks,  common 
plaster  of  Vma  is  most  generally  employed,  as  being  the  most  convenient  and 
economical  material,  and  is  found  to  be  suffidentiy  durable  for  general  work^ 
as  mimy  as  4000  castmgs  have  been  moulded  from  one  pair  of  plaster-blocks. 


Fig.  99. 


Fig.  100. 


rt§L 


J^ 


Fig.  101. 


When  a  greater  number  of  castings  are 
required  to  be  moulded  from  one  pat- 
tern, or  when  the  size  or  nature  of  the 
mould  renders  a  harder  face  advisable,  a 
metal  face  is  employed  for  the  ramming- 
block  of  the  bottom  box,  or  for  the  part- 
ing sur&ce  of  one  or  both  blocks.  This 
is  formed  simply  l>y  running  into  the 
mould,  when  prepared  for  the  plaster,  a 
small  portion  of  metal,  consisting  of  zinc  hardened  with  about  a  fifteenth 
pftrt  of  tin,  sufficient  metal  being  used  to  form  a  strong  plate  for  the  surface 
of  the  ramming-block,  and  the  rest  of  the  s^ace  at  the*  back  filled  with 
plaster  as  usual.  In  practice  it  is  more  convenient  generally  to  reverse  the 
mode  of  running  the  metal  fkce,  by  first  ramming  the  box  foil  of  sand, 
whisn  prepared  for  the  plaii^r ;  then  lifting  it  off,  paring  o£f  the  surface  of  the 
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sand  wherever  the  metal  is  wanted,  to  the  thickness  which  it  is  desired  the 
motal  should  be ;  the  box  is  then  closed,  and  the  metal  run  in.  The  sand 
is  now  removed  from  behind  the  metal,  and  its  place  run  full  of  plaster 
of  Paris — whereby  a  solid  back  is  made ;  snags  or  dove-tail  blocks  at  the 
back  of  the  metal  face  secure  its  attachment  to  the  plaster.  Various  modificar 
tioDS  of  this  plan  may  be  adopted ;  but  in  every  case  the  entire  &ce  of  the  two 
ramming  blocks  form  a  perfect  counterpart  of  the  intended  castingii  half  being 
represented  upon  each,  surrounded  by  parting  faces  which  exactly  fit  each 
other,  because  the  one  has  been  moulded  from  the  other.  The  plaster 
running-blocks  are  vamished  when  dried,  to  preserve  them  from  damp ;  in 
moulding  from  them,  the  faces  of  the  blocks  are  dusted  with  powdered  resm, 
to  prevent  adhesion  of  the  sand.  It  should  be  remarked  that  the  grand 
advantage  offered  by  this  system  of  moulding  is,  that  little  additional  work  is 
required  over  the  process  for  the  first  moulding,  as  practised  by  the  ordinary 
method.  In  addition  to  the  above  advantages,  a  very  dever  and  simple  pro- 
vision is  made  for  insuring  steadiness  in  the  two  parts  of  the  mould  when 
closed.  Instead  of  four  round  pins  fitting  into  corresponding  holes,  drilled  in 
lugs  attached  to  the  boxes,  as  is  commonly  done ;  in  the  new  boxes,  vertical 
studs  or  square  pins  are  cast  on  each  bottom  box,  which  fit  or  jam  against 
corresponding  projections  on  the  edge  of  the  top  box,  as  shown  in  Fig.  98.  The 
only  fitting  necessary  in  making  the  new  boxes  is  to  file  the  touching  angles 
of  the  pins  so  as  to  fit  one  standard  top  box,  and  the  projections  on  the  top 
boxes  to  be  fitted  to  a  corresponding  or  standard  bottom  box. 

An  additional  advantage  secured  by  this  plan  of  moulding  is,  that  while 
by  the  old  process  only  one  side  of  the  pattern  is  available,  while  the  other 
is  in  use ;  by  the  process  just  described,  the  moulding  of  both  sides  of  a 
pattern  may  be  carried  on  simultaneously.  Tlie  advantages  which  the 
new  process  gives  over  the  older  method  of  moulding,  where  numbers  of 
articles  are  required,  is  so  obvious  as  scarcely  to  require  a  thought;  and 
tiie  belief  that  sufficient  publicity  has  not  been  given  to  it,  has  induced 
us  to  notice  it  at  this  length,  conceiving  that  our  space  could  not  be  more 
profitably  employed. 

Bexlin  bon  Gaatiags. — ^But  probably  the  most  wonderful  and  minute 
examples  of  castings  in  iron  will  be  found  among  those  imported  from  Berlin. 
Here  we  may  remark  how  enormously,  by  the  value  of  labour,  that  of  the  raw 
material  is  increased.  It  has  been  shown  by  Babbage,  in  his  invaluabk 
work,  **  The  Economy  of  Manufactures,"  that  the  pendulum  spring  of  a  watch, 
which  governs  the  vibrations  of  the  balance,  costs,  at  the  retail  price,  two- 
pence, and  weighs  just  15-lOOths  of  a  grain;  whilst  the  retail  price  of  a 
pound  of  the  best  iron  costs  only  twopence.  Out  of  that  weight  of  iron,  fiffy 
thousand  of  such  springs  are  made.  In  like  manner,  the  skill  of  the  Berlin 
iron-caster  so  increases  the  value  of  the  raw  material,  that  the  gray  iron  out 
of  which  these  small  articles  of  bijoutry  and  ornament,  consisting  of  buckles, 
neckdiains,  earrings,  buttons,  seals,  &c.,  are  cast,  realizes  in  the  larger 
examples  one  thousand  one  hundred  times,  and  in  the  smaller  or  more  deli- 
cate objects  ten  thousand  times  the  original  cost  of  the  material.     The 
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gre&t  beauty  and  exquisite  detail  which  is  observahle  iq  some  of  these  cast- 
it^  is  dne  alike  to  the  extreme  parity  and  fluidity  of  the  metal  out  of  which 
fhey  are  cast,  and  skilful  moulduig. 

The  French  chemist,  Dumas,  has  ascertained  the  presence  of  phosphorus 
and  arsenic  in  the  iron  from  which  they  are  cast.  The  former  material,  it  is 
well  known,  is  favourable  to  fluidity  when  incorporated  with  the  melted 
iron;  it  also  imparts  to  the  iron  with  which  it  is  mixed  a  considerable 
degree  of  hardness.  These  castings  are  never  made  from  the  first,  but  from 
the  second  melting  of  the  metal ;  the  great  point  aimed  at  being  to  get  rid  of 
the  carbonaceous  particles  which  always  render  the  surface  of  iron-castings 
more  or  less  rough.  The  moulds  for  these  castings,  according  to  the  same 
authority,  are  formed  of  clay  or  argillaceous  sand.  ^ 

From  Ehrenbcrg,  who  read  a  learned  paper  upon  the  subject  before  the 
Academy  of  Sciences  at  Berlin,  we  gather  some  additional  particulars  worthy 
of  notice.  He  states,  that  the  bog-iron  ore  of  which  the  Berlin  iron-castings 
are  made,  had  its  origin  in  once  living  and  breathing  things,  which  fed  on 
plants  and  had  the  power  of  motion — an  animalcule  which  bids  defiance  to 
the  action  of  one  of  the  strongest  acids  used  in  the  manufactory,  viz.  muri- 
atie  acid,  retaining  its  vitality  when  immersed  therein.  The  moulds  in 
which  these  ornaments  are  cast  are  also  made  from  the  organic  remains  of 
animals,  their  shells  forming  Tripoli,  or  ordinary  polishing  powder.  Many 
of  these  castings  are  as  thin  as  sheet  steel ;  tibereby  demonstrating  alike 
the  extremely  fluid  state  to  which  the  metal  must  have  been  reduced,  the 
fitness  of  the  sand  to  take  the  impress  of  the  delicate  mould  or  pattern,  and 
the  great  skill  of  the  artizan  who  prepared  the  mould.  Where  chains  are 
produced  in  Berlin  castings,  the  central  rosette,  which  forms  the  ornamental 
portion  of  the  link,  is  the  only  part  really  cast,  the  loops  forming  the  con- 
nection being  of  wire  bent  to  form  and  laid  into  the  prints  provided  for 
them  in  the  mould ;  in  that  state  the  metal  to  form  the  rosette  is  run  in, 
fills  the  impression  of  it,  and  surrounds  the  prints  or  ends  of  the  iron 
hoops,  thus  forming  the  link — two  of  which  being  laid  at  a  proportionable 
distance  in  the  mould,  and  a  connecting  link  being  moulded  with  a  core  in 
it  between  these,  on  the  metal  being  poured  in,  the  space  not  occupied  by 
the  wire  is  filled  with  metal.  After  cooling,  and  tlie  core  being  destroyed, 
the  iron  hoops  attached  to  the  rosette  will  be  found  encircled  with  the 
connecting  link,  perfectly  united  together,  and  free  to  move. 

Holtzapfiel  in  his  work  relates  an  example  of  chain  casting  executed  by 
a  German  workman  at  the  Hayle  Foundry  in  Cornwall,  in  which  every 
portion  of  the  links  was  cast:  its  length  was  nearly  five  feet,  it  was  made 
up  of  180  links,  and  weighed  a  little  more  than  H  oz.  In  it  the  links  were 
cast  separately;  a  solid  model  of  the  chain  was  then  made  a  few  inches  in 
length,  with  core-prints  corresponding  to  the  apertures  of  the  connecting 
links ;  the  links  already  cast  were  laid  in  their  appropriate  places,  after  being 
smoked,  in  order  to  prevent  their  adhesion  or  fusion  when  the  melted  meted 
which  was  to  form  the  connecting  links  was  run  in,  **  gats  "  or  passages  being 
made  to  the  prints  of  the  connecting  links  by  which  to  introduce  the  melted 
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metal ;  the  box  being  then  closed,  the  metal  was  poured  in.  On  openingthe  box, 
the  chain  is  completely  formed,  reticulated  freely,  and  is,  at  the  same  time, 
firmly  united  together :  a  large  and  small  link  of  this  chain  weighed  ftboat 
eight  grains  I    To  understand  the  process  of  the  foimaiioai  of 
I  Berlin  iron  chain  work,  reference  may  be  made  to  Fig.  102,  which 
shows  a  link  complete ;  the  ornamental  centre  be-       f  *^  i 
rig.  102.      Ijjj,  cast-iron,  the  two  loops  or  circles  being  formed  ^  ui^i-J 
of  wire.    Fig.  103  shows  the  section  of  a  link,  by  which  it  will       Flv-  loa. 
be  seen  that  the  wire  loops  are  imbedded  in  the  iron  which  fonns  the  centre. 
This  is  effected  by  the  pattern  of  the  ornament  haTing  a  print  of  the  two  loops 

^-— ^'^  in  addition  to  the  centre ;  the  wire  loops  BB  hare 

/'^a-fRbgC  0 '»^^3^ff^tf^     their  ends  sufficiently  long  to  project  into  Hhe 

B((Qfi^^J|j-^^^^^^})^  space  to  be  filled  with  iron  to  form  the  oma- 

^^^^ifjcBM^"^'-'^     jnent ;  the  metal  being  run  in,  the  wire  hoops 

i^"^i  are  securely  held.    The  means  by  which  these 

I  are  connected  together  and  the  chain  fonned, 

i^^^  are  shown  in  Fig.  104,  wherein  is  represented 

°  two  ornamental  links  BB,  with  the  pattern  of 

^'^^^'  the  connecting  link  indicated    by  the    flat 

horizontal  band,  and  shown  in  section  at  D.  CO  is  the  core  print,  by 
means  of  which  the  connecting  link  is  cast  hollow ;  when  laid  in  the  posi- 
tion represented,  and  the  core  CO  placed,  runners  for  the  introduction  of  the 
metal  are  made,  the  box  closed,  and  the  metal  is  run  in.  If  the  operation  has 
been  carefully  conducted,  a  perfect  union  of  two  links  will  be  the  result :  in 
addition  to  being  connected  together,  the  three  links  will  move  freely  within 
each  otlier.  It  is  somewhat  amusing  to  contrast  these  minute  castings  in  iron 
with  the  enormous  casting  which  formed  the  cylinder  of  the  hydraulic  press, 
twenty-two  tons  in  weight,  which  assisted  in  heaying  up  into  mid-air  the  tube 
which  the  genius  of  Fairbaim  designed,  and  which  now  bridges  the  Menai 
Straits. 

The  history  of  this  ingenious  manufacture  is  identified  with  the  struggles 
of  the  people  by  whom  tiiey  are  chiefly  produced,  to  rescue  their  countzy 
from  the  iron  grasp  of  Napoleon.  The  jewels  and  trinkets  of  gold  in  the 
possession  of  the  nobility  were  sent  to  the  national  treasury,  and  melted 
down  to  pay  an  army  for  its  defence :  and  in  exchange,  rings  and  other 
tasteful  ornaments  were  supplied,  bearing  the  inscription,  "  I  gave  gold  for 
iron."  Many  of  these  objects  are  still  preserved  as  precious  heir-looms  in 
families  of  distinction.  The  impetus  given  to  their  manufacture  has  not,  how- 
ever, been  without  its  evil  eflects.  Very  inferior  articles  are  now  produced, 
and  few  examples  are  to  be  met  with  equal  to  the  productions  of  an  earlier 
period :  this  is  attributable  to  the  originals  having  been  copied  by  inferior 
manufacturers.  "While  some  are  inclined  to  attribute  the  great  excellence  of 
earlier  examples  of  Berlin  castings  to  the  quality  of  the  iron,  others  ascribe 
it  to  the  sand  or  clay  in  which  the  moulding  operation  is  performed,  and 
others  to  the  skill  of  the  moulder.  It  is  more  than  probable  that  the  three 
essentials  named  require  to  be  conjoined  in  order  to  produce  a  snocessftil 
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result  The  reasons  wiU  be  found  in  the  fluidity  and  parity  of  the  iron;  the 
fitness  of  the  argillaceous  sand  or  loam  to  receive  the  minute  impression  of 
the  ornamental  portions  of  the  model,  combining  with  that  quality  a  suffi- 
ciently refractory  character  to  stand  the  heat  of  the  melted  iron;  at  the  same 
time  the  moulders  must  be  workmen  of  rare  skill  and  patience.  In  these 
three  requisites,  we  think,  lies  the  true  secret  of  the  great  superiority  of  the 
iron  castings  known  by  repute  as  those  of  Berlin. 

XaUeabU  bon  Oaatings. — ^The  great  cost  attendant  upon  the  forma- 
tion of  smaller  objects  in  iron,  where  numbers  are  required,  naturally  directed 
the  attention  of  the  manufacturer  engaged  in  their  production  to  some  means 
by  which  the  iron  could  be  more  readily  brought  into  shape,  than  by  forging 
from  the  bar  or  rod  by  the  blacksmith.  He  was  aware  that  for  the  purpose, 
casting  was  by  fiir  the  readiest  method  by  which  this  could  be  effected ;  but 
cast-iron,  he  knew  from  experience,  was  brittle  and  unfit  for  the  purpose :  but 
could  he  impart  to  cast-iron  the  property  of  malleability — could  h^  succeed  iu 
rendering  it  soft,  pliable,  and  partially  ductile.  Ids  end  would  be  gained.  Scien- 
tific men  told  him  that  the  brittleness  was  owing  to  the  presence  of  carbon ; 
to  get  rid  of  this  was  the  desideratum;  could  he  do  so,  the  cast  iron  article 
would  be  reduced  nearly  to  the  condition  of  that  formed  from  the  wrought  ma- 
terial— destitute  of  fibre,  it  is  true,  because,  not  being  subjected  to  the  opera- 
tion of  rolling  or  the  tilt  hammer,  the  fibrous  arrangement  of  the  particles  had 
not  been  cvolyed.  Having  arrived  at  this  knowledge  of  his  wants,  the  idea 
of  subjecting  cast-iron  to  the  annealing  proces,  in  immediate  contact  with  a 
substance  which  would  operate  in  abstracting  the  carbon,  suggested  itself. 
It  is  remarkable  that  the  iron  selected  for  the  purpose  of,  and  best  fitted 
for,  being  rendered  malleable,  is  that  which  is  hardest,  most  fragile,  and 
brittle.  The  rich  Cumberland  iron  procured  from  the  heematite  or  nodular 
ore  is  that  preferred.  The  castings  are  made  in  sand  in  the  way  usually 
practised ;  and  in  order  to  render  the  metal  malleable,  it  is  enclosed  in  iron 
cylinders  with  ground  hematite  ore,  pounded  u*on-stone,  smithy  scales,  or 
some  other  substance  which  absorbs  carbon,  the  cylinders  containing  the 
castings  being  stopped  up  or  covered  with  an  iron  disc  or  cover,  carefully 
luted  with  clay,  in  order  to  prevent  the  escape  of  the  surrounding  substance ; 
the  cylinders  are  then  placed  with  their  contents  in  suitably  built  furnaces 
or  mufiies,  and  subjected  to  the  action  of  a  red  heat,  till,  in  the  judgment  of 
the  annealer,  the  desired  result  is  attained,  which  may  occupy  some  days. 
The  cylinders,  with  their  contents,  are  then  allowed  to  cool  within  the  furnaces ; 
and  when  cool,  they  are  withdrawn.  The  thinner  castings  will  be  found  to 
be  completely  softened  throughout,  and  may  readily  be  bent  into  any  curve ; 
others  which  are  thicker,  on  being  broken,  will  be  found  to  be  annealed 
to  a  considerable  depth,  and  even  the  interior  portion  Avill  be  found  to 
have  participated  slightiy  in  the  annealing  process;  at  all  events,  the  na- 
ture of  the  britde  material  out  of  which  they  were  oast  will  be  found  to 
have  undergone  a  change.  Taking  advantage  of  this  process,  numbers  of 
smaU  articles  which  had  been  previously  produced  from  wrought-iron,  and 
which  required  a  considerable  amount  of  labour  on  the  part  of  the  black- 
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smith,  are  now  cast.  Among  these  may  be  ennmefated  the  butt-plates, 
guards,  and  other  portions  of  metal  used  in  the  gon  trade ;  snuffers,  &c. 

In  no  manufacture  has  the  process  been  more  largely  taken  advan- 
tage of  than  in  that  of  saddlers'  ironmongery.  StLrrups,  bits,  the  £uici- 
ful  spurs  imported  to  South  America,  buckles,  &c.,  are  made  there&om. 
Very  recently,  an  importation  of  German  tools  startled  the  manufacturers  of 
this  countiy,  by  the  extremely  low  price  at  which  they  were  offered  for 
sale.  On  trial,  however,  it  was  found  that  the  pliers,  on  pressure  being 
applied,  gaped  at  the  mouth — ^they  refused  to  cut,  hold,  or  grip ;  the  chisels 
became  blunted ;  the  hand<yices  refused  to  pinch  or  hold.  On  examination, 
they  were  found  to  have  been  formed  of  malleable  cast-iron,  hardened  alter 
undergoing  a  rough  finish  by  grinding  or  smoothing;  not  by  means  of  the 
tedious  process  of  case-hardening — ^that  is,  by  being  enclosed  in  a  close  iron 
case  filled  with  charred  animal  substances,  such  as  leather,  horns,  hoofa,  or 
burnt  bone-dust,  and  subjected  for  some  hours  to  a  red-heat,  and  when 
in  this  heated  state,  plunged  into  oil  or  water, — ^but  simply  by  heating 
them  over  an  open  charcoal-fire,  and,  when  at  a  dull  red-heat,  sprinkling  on 
or  rubbing  over  them  the  substance  known  as  pmssiate  of  potash,  there- 
after cooling  them  in  water.  The  superficial  character  of  this  hardening 
beiDg  only  skin-deep,  allowed  the  interior  of  the  metal  to  retain  its  malleable 
properties ;  but  whenever  pressure  or  abrasion  was  applied,  the  nature  of 
the  material  of  which  these  tools  were  formed  was  disclosed.  For  many 
purposes  tlie  articles  formed  of  iron,  cast  and  annealed,  i.e.  rendered  malle- 
able, are  very  useful ;  and  for  all  purposes  where  ornament  only  is  aimed  at, 
it  may  be  questioned  whether  it  might  not  be  very  much  more  extensively 
applied,  more  particularly  in  the  formation  of  light  railings  for  civil  and 
ecclesiastical  purposes,  and  for  ornamental  iron-work  generally,  where  a  con- 
siderable amount  of  uniformity  in  ornament  is  desu-ed.  The  character  of 
wrought^iron  might  be  given  to  these ;  they  could  be  cast  very  light,  ren- 
dered malleable,  and  all  the  liability  to  fracture  common  to  ordinary  castiron 
would  be  avoided.  It  occurs  to  us  that  the  application  of  iron  thus  treated 
has  not  as  yet  nearly  realized  the  importance  to  which  it  is  entitled. 
Hitherto  the  articles  made  out  of  malleable  u-on  have  been  small  and  unim- 
portant; this,  in  all  probability,  arises  from  the  cost  consequent  upon  an- 
nealing; the  material,  fuel,  and  time  consumed,  aU  entering  into  the  calcu- 
lation of  the  malleable-iron  caster  in  his  charges. 

More  particularly  would  the  application  of  this  material  be  advantageous 
in  the  formation  of  iron-work  of  a  mediieval  character.  Crocket,  finial,  and 
fleur-de-lis  could  then  be  cast  flat;  the  soft  and  pliable  nature  of  the  material 
would  admit  of  their  leaves  being  bent  and  twisted  with  the  utmost  fadlity; 
time  would  be  saved,  and  the  general  feature  and  quaintness  of  the  style 
preserved.  Doubtless,  however,  science  has  in  her  stores  laid  up  for  the 
patient  inquirer,  some  ready  and  economical  means  by  which  the  process  may 
be  cheapened;  and  then  doubtless  its  application  will  become  more  general. 

In  concluding  our  remarks  on  the  manipulation  of  iron  by  the  casting 
process,  we  need  scarcely  remind  our  readers  of  the  very  successful  examples 


Digiti 


ized  by  Google 


PBODucnoN  or  abtistio  objects  in  iron.  503 


which  have  been  brought  before  the  public  in  the  recent  Exhibitions  of 
Industiy.  The  gates  of  the  Golebrookdale  Company,  which  now  form  one 
of  the  entrances  to  Hyde  Park ;  the  rustic  dome,  the  Eagle-slayer,  the  foun< 
tain,  the  numerous  statuettes,  examples  of  metallic  furniture,  stoves,  and 
grates,  contributed  by  the  above-named  company,  which  formed  so  prominent 
a  feature  in  the  Exhibition  of  1851 ;  Cottam  and  Hallam's  gates,  formed  of 
a  union  of  cast  and  wrought-iron,  and  partaking,  as  a  whole,  of  the  style  of 
work  known  as  wrought ;  the  magnificent  castings  sent  by  the  Sheffield  and 
Derby  iron-founders;  the  Garron  Company  in  Scotland;  with  many  other 
examples  sent  by  the  continental  iron-founders, — aU  alike  demonstrated  that 
the  art  of  casting  in  iron  is  well  understood.  But  its  fitness  for  public 
decorative  purposes  has  hitherto  been  but  sparingly  tested.  Coupled  with  the 
improvements  for  the  protection  of  iron  from  oxidation,  which  have  now,  by 
the  discoveries  of  science,  been  placed  in  our  hands,  there  seems  to  be  every 
reason  for  recommending  its  being  employed  much  more  extensively  in 
statuary  castings,  and  in  the  production  of  street  fountains,  than  has  hitherto 
been  the  case.  The  cost  of  the  material  is  trifling  in  comparison  with  that 
of  marble  or  bronze :  to  the  former  it  is  superior  in  its  strength ;  to  the  latter 
it  is  quite  equal,  if  well  protected.  The  production  of  an  iron  statue  or 
fountain  is  not  likely  to  diminish,  but  rather  to  increase  the  skill  of  the 
moulder,  in  the  careful  preparation  of  the  mould :  for  while  in  bronze-casting 
tlie  nature  of  the  material  admits  of  considerable  liberty  being  taken  in 
repairing  it ;  in  iron,  on  the  contrary,  should  the  cast  be  defective,  repairs, 
if  they  can  be  effected  at  all  after  a  defective  cast  has  been  made,  are  always 
difficult.  Hence  the  production  of  artistic  objects  in  iron,  from  the  care  and 
skill  required  in  the  formation  of  the  moulds,  would  educate  the  artizan,  and 
increase  his  manipulative  skill ;  while  it  would  at  the  same  time,  from  the 
low  cost  of  material,  greatly  aid  in  the  cultivation  of  the  public  taste,  if  more 
generally  applied.  The  fine  skin  visible  on  the  best  English  iron  castings 
is  a  proof  of  the  perfection  at  which  we  have  arrived  in  the  casting  of  iron. 
The  fluidity  of  tiie  metal,  when  in  a  melted  state,  as  compared  with  bronze 
when  in  the  same  condition,  is  also  another  recommendation  in  favour  of 
iron. 
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CHAPTER  XXVL 

THE   MANIPULATION  AND   CONSTRUCTION  OF  W0RJC8   IN«  IBON  CHIEFXT 
OF  AN  ORNAMENTAL  KIND. 

We  have  hitherto  dealt  mth  iron,  more  particularly,  as  brought  into  ahape 
by  the  formatiYe  process  of  casting.  This  method,  there  is  evezy  reason  to 
believe,  has  acquireda  greater  amomit  of  development  recently,  in  consequence 
of  the  demand  for  machinery,  whether  for  stationary  or  locomotiye  engines,  or 
machines  for  manu&ctuiing  purposes.  In  the  working  of  wrought-iron,  how- 
ever, if  we  except  examples  of  a  very  large  size,  such  as  Mr.  Clay  has  operated 
upon  and  described,  it  is  no  injustice  to  say,  that  those  who  preceded  us  were 
our  equals,  if  not  superiors.  In  the  great  we  have  overlooked  the  small ;  in  the 
application  of  wrought-iron  for  utility,  we  have  undexzated  its  importance  and 
value  for  decorative  purposes,  which  is  somewhat  surprising,  considezing  the 
importance  its  great  strength  in  connection  with  its  lightness  and  fitness  en- 
titles, it  to.  The  capabilities  of  iron  are  numerous :  while  it  is  light,  it  is  also 
strong ;  it  is  dense,  yet  ductile,  and,  at  the  sam^  time,  easily  worked  in  its 
heated  or  cold  state.  Its  value  for  purposes  of  ornament  appears  to  have  been 
better  understood  in  many  other  counMes  than  iu  our  own;  and  in  our 
own,  when  the  material  was  not  so  plentiful  as  now,  gr^  artists  and  akilM 
artizans  thought  it  not  beneath  them  to  expend  upon  iron  an  amount  of  labour 
and  *'. cunning "  which  at  the  present  day  it  is  ahnost  a  rarity  to  see  expended 
on  works  executed  iu  the  precious  metals.  DoubtiLess  the  skill  of  the 
hammerman  decreased  with  the  more  general  adoption  of  casting  iron 
into  form.  It  should,  however,  be  borne  in  mind  that  iron,  when  cast,  is 
necessarily  fragile ;  to  secure  strength,  increase  of  material  is  required ;  and 
to  produce  castings,  patterns  are  required  to  be  modelled  tram.  The  cost  of 
these,  unless  distributed  over  a  great  number  of  castings  of  a  similar  kind, 
involves  a  considerable  expenditure  of  time  and  capital ;  and  after  all,  when 
the  cast  is  made,  we  lack  the  crisp,  sharp  edges,  and  deep  overlays  of  that 
which  results  from  the  use  of  wrought-iron  worked  by  the  hand  of  the  intelh- 
gent  blacksmith.  In  connection  with  this,  it  is  to  be  borne  in  mind  that  the 
constant  repetition  of  the  same  pattern  or  ornament  becomes  painful  to  the 
eye ;  and  is,  in  the  end,  subversive  of  all  desire  for  new  and  elegant  fonns 
— a  desire  which,  in  so  peculiar  a  manner,  encourages  alike  original  design 
and  the  skill  of  the  artizan. 

It  was  remarked  by  the. late  A.  W.  Pugin,  to  whom  we  are  indebted  for 
the  revival  of  many  of  the  all  but  lost  methods  of  working  in  metals,  *'  that  in 
ancient  iron-work  we  may  discern  a  peculiar  and  distinctive  manner  of  execu- 
tion suited  to  the  material,  and  quite  distixust  from  that  employed  on  wood  or 
stone.  Tracery  was  produced  by  different  thicknesses  of  pierced  plates 
laid  over  each  other ;  leaves  and  crockets  were  not  carved  or  modelled,  and 
then  cast,  but  were  cut  out  of  thin  sheet  or  plate  metal,  and  twisted  up  with 
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pliers ;  the  lineig  c^  ttie.fltenui  were  either  ^nga^Yed  in,  or  soldered  an.  By 
these  nmple  meanaa}!  theiightnes^,  eaae>  and  sharpneas.of  real  vegetation 
was  prodnced  in  anjcient  iron-work". 

On  this  head,  Mr.  Bedgr&ve»  in  his  admirable  Beport  on  the  Paris  Exhi- 
MtLon,  sayu^s  regards  the  design  and  the  right  use  of  materials, "  How 
diYdft^^j^rinstance,  is,  or  should  be,  the  whole  treatment  of  cast  as  compared 
with  wrought  metal.  Take  forged  and  caat-iron,  the  lightness  and  elegance 
obtainable  in  the  one,  .contrasted  with  the  necessary  solidly  and  weight  of 
the  other;  the  play  of  form,  feuicy,  and  vaziely  obtainable  in  wrought-iron, 
now,  alas !  almost  wholly  laid  aside  for  the  heayy  mechanical  common-place 
repetition  of  cast-work." 

The  examination  of  examples  manifesting  skilful  execution  and  true 
construction  is  calculated  to  enhance  our  estimation  of  the  earlier  workers 
in  iron;  but  it  must  be  recollected  that,  as  a  principle,  the  older  workers  in 
metal,  iron  included,  first  constructed  and  then  adorned ;  that  ornament  was 
not  then  a  primary,  but  a  secondary  consideration,  in  so  far  as  use  preceded 
ornament ;  but  ornament,  at  the  same  time,  was  not  neglected,  and  was  not  of 
a  "  stuck  on"  kind,  but  when  applied  it  formed  an  essential  part  of  the  construc- 
tion. This  quality,  which  shows  itself  on  examining  .the  examples  of  early 
iron  working,  justifies  the  remark,  and  strengthens  the  conviction,  that 
the  workers  in  iron  were  .exceedingly  dever  artizans ;  and  also  that  not  un- 
frequentiy  great  artists  did  not  think  it  beneath  them  to  expend  their  time 
and  talents  In  working  such.a  humble  mateziaL  It  is  known  that  Matsys 
exercised  his  genius  upon  iron;  and  th^  .elaborate  well-cover  which  stands  in 
front  of  the  Cathedral  at  Antwerp,  with  numberless  other  works,  bear  testi- 
mony to  his  skilL  In  Nuremberg,  also,  the  iron-work  which  still  clings  to 
many  an  old  domicile,  demonstrates  the  master's. hand.  In  every  continental 
cathedral  may  stiU  be  seen  the  most  cleverly  designed  and  executed  iron- 
work ;  while,  in  our  .own  country,  the  railings  of  the  tombs  of  Henry  YII., 
Queen  Eleanor,  the  hinges  and  iron- work  of  Lincoln  Cathedral,  St  George's 
Chapel, -Windsor,  and  the  Colleges  of  Oxford,  afford  equally  conclusive 
evidenoe. 

Even  at  a  later  period  great  ability  was  displayed ;  and  much  interest 
appears  to  have  been  taken  in  the  working  of  iron,  and  in  its  treatment 
and  execution  as  displayed  in  making  grilles  and  gates,  replete  with  grace- 
ful and  flowing  .lines,  with  scrolls  and  flowers  introduced ;  these  deco- 
rated and  guarded  the  entrances  to  the  buildings  erected  in  the  days  of 
Queen  Anne  and  the  early  Qeorges.  lUilings  were  then  elaborated,  which 
partook  of  the  same. graceful  character;  and  in  the  streets  and  wynds  of 
cities  and  towns,  the  signs  of  the  craftsmen  depended  from  iron  brackets 
decorated  with  tasteful  leafiige;  even  the  village  hostelry  had  its  nicely 
worked  iron  brackets,  from  which  hung  the  sign-board  intimating  to  the 
passer-by  that  there  was  "good  entertainment  for  man  and  horse"  to  be  had 
within:  these,  with  other  small  examples  of  iron-working,  as  hinges,  looks, 
door-handles,  keys,  &c„  all  give  evidenoe  that  the  blacksmith's  art  was  one 
which  was  cultivated  with  something  like  enthusiasm,  and  its  professors  wero 
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capable  of  greater  things  than  mending  the  humble  implements  of  the  agzical- 
toristsof  the  period,  shoeing  the  nnimalfl  of  the  fann-eteads  in  their  Tidnity,  or 
the  packhorses  which  traversed  the  rude  roads  of  the  period.  The  workman 
who  elaborated  the  ornamental  iron-work  of  the  early  and  latter  days  aUnded 
to,  had  his  heart  in  his  work,  and  desired  to  accomplish  it  in  a  creditable  man- 
ner ;  not  merely  to  get  it  done,  but  done  so  as  to  show  his  ability :  he  loTod 
the  work  for  its  own  sake;  to  this,  and  to  the  absence  of  mere  money  competi- 
tion, may,  we  think,  be  traced  much  of  the  excellence  and  success  of  these 
early  examples  of  iron-working. 

Nor  is  our  wonder  at  the  perfection  of  ancient  iron-work  diminished,  when 
we  consider  the  limited  number  and  imperfections  of  the  tools  which  the 
blacksmith  had  at  his  command,  and  the  vast  amount  of  muscular  labour 
which  must  have  been  expended  beyond  what  is  necessary  at  the  present  day. 
The  huge  smelting  furnaces  of  Staffordshire  did  not  then  exist,  and  rolling- 
mills  were  as  yet  unknown:  as  a  consequence,  bar,  rod,  and  sheet,  with 
other  forms  of  iron  now  common,  could  not  be  procured,  and  the  older 
workers  in  this  metal  had  to  deal  with  huge  and  comparatively  formless 
billets,  which  they  were  compelled  to  beat  down  at  a  loss  of  time  and  ex- 
penditure of  strength  of  which  we,  in  these  days  of  Nasmyth's  hammers  and 
Ryder's  forging  machines,  can  form  no  conception.  This  difficulty  of  pro- 
duction, it  is  probable,  was  not  without  its  advantages,  so  far  as  the  results 
were  concerned,  as  there  is  every  reason  for  believing  that  the  quality  of  the 
metal  was  improved  by  the  hammering,  a  greater  amount  of  homogeneity 
and  solidity  being  imparted  to  it ;  thereby  much  facihtatmg  the  cold  working, 
which  followed  after  the  process  of  forging  had  been  gone  through.  Con- 
firmation of  this  property  wiU  be  found  in  the  examples  formed  firom  thin 
iron,  such  as  finials,  crockets,  leafage,  and  the  perforated,  bent,  and  beaten-op 
work  introduced  in  the  iron  rails  or  screens  6f  tombs  and  altars,  and  the 
iron-work  generally  existing  in  the  cathedrals,  churches,  and  the  civil 
edifices  of  our  own  and  other  countries.  These  early  examples  show  that 
the  plate  or  thin  metal  out  of  which  these  were  made  was  left  thicker  in  the 
centre  and  thinned  towards  the  two  outer  edges,  which  was  in  turn  cut  out  by 
filing,  chiselling,  or  saw-piercing,  into  the  form  of  leaves;  after  which,  these 
were  twisted  with  pliers  when  cold,  till  the  desired  curvatures  were  arrived  at. 

For  the  better  understanding  of  the  method  by  which  leafage  or  foliated 
ornament  in  sheet  or  plate  iron  was  produced,  reference  may  be  made  to  the 
illustrations,  Figs.  105  and  106,  in  which  the  process  of  the  formation  of  crockets 
is  shown,  and  which  may  be  described  as  follows : — The  artist  having  made 
his  design,  and  well  considered  the  effect  desired,  first  produces  it  in  a  flat 
form  (as  in  Fig.  105),  and  in  full  size — preparatory  to  commencing  to  bend 
it  up  into  the  form  it  is  intended  to  retain  permanentiy.  When  a  number 
of  crockets  are  required,  it  is  well  to  have  a  metal  mould  or  templet  made 
like  the  displayed  sketch ;  and  this  being  laid  upon  the  thin  iron,  out  of  which 
the  crocket  is  to  be  made,  may  be  scribed  round  with  a  brass  point,  which 
will  leave  the  outline  of  the  leaves :  these  are  indicated  by  the  letters 
B,G,D,E,F,G.     The  superfluous  metal  is  then  detached  by  means  of 
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chisels  and  saws,  or  it  may  be  nipped  off  by  means  of  the  press ;  or  the  entire 
blank  may  be  punched  out  at  once  in  the  press  by  means  of  a  punch  and 
bed.  If  the  press,  ptmch  and  bed  are  not  employed,  the 
leafage  may  be  corrected  by  filing.  The  blank  is  now 
in  a  condition  to  bo  bent  into  form,  whidi  is  done 
as  follows:  It  is  rendered  convex  on  its  external 
surface,  by  being  beaten 
from  A  to  G  on  a  hollow 
anvil ;  it  is  annealed,  to  re- 
store the  ductility  of  tlio 
metal,  as  often  as  may  be 
required ;  and  ultimately 
it  is  made  to  assume  the 
form  of  Fig.  106.  The  cur- 
vatures and  twistings  of  i 
the  leaves  are  afterwards 
given  by  means  of  round- 
nosed  and  ordinary  pliers, 
in  order  to  secure  that 
regular  irregularity,  that 
diversity  in  uniformity,  which  charm  and  delight  the  eye  in  handicraft,  and 
contrast  so  favourably  with  tlie  monotony  of  works  produced  in  the  die,  or 
by  any  of  the  various  methods  of  casting ;  from  which  unvarying  uniformity, 
as  a  result,  must  necessarily  follow. 

In  the  older  works  in  iron,  but  more  particularly  in  the  external  cases  of 
locks,  plates,  latches,  caskets,  and  similar  objects ;  great  sharpness,  regu- 
larity, and  exactness,  were  secured  by  perforated  plating  and  overlaying, 
instead  of  cutting  or 
chiselling  away  the 
iron,  in  forming  the 
tracery.   This  will  be 
better  understood  by 
reference  to  the  ac- 
companying illustra- 
tions, which  show  the 
several    portions    or 
plates        separately, 
which  serve  to  make 
^»-^^-  up  the  design  of  the  ^•^^• 

finished  pendant  handle  represented  in  Fig.  111.  This  example  is  produced 
by  placing  over  each  other  several  plates  of  iron,  cut  out  or  perforated 
differently ;  but  which,  when  placed  over  each  other  and  riveted  together, 
make  out  the  design.  These  are  shown  separately,  thus — Fig.  107  shows 
the  foundation  plate;  Fig.  108,  the  succeeding  one;  Fig.  100,  the  third; 
Fig.  110,  the  indented  or  dogtooth  lim;  and  Fig.  Ill,  the  different  plates 
placed  in  tlieir  proper  positions,  and  riveted  together. 
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It  is  evident  that  had  such  a  plate  been  worked  out  of  solid  iron,  tlifi 

time  consumed  in  its 

constxuction  would 

have      been    very 

much  greater;   but 

if  cast,  it  would  not 

have  presented  the 

same     amount     of 

sharpness,  while  it 

would    have    been 

quite  impossible  to 

have    secured    the 
^'  ^^'  same  amount  of  ac-  fj«.  ho. 

curacy  in  the  geometrical  details :  This  mode  of  construction  admits  of  the 
greatest  possible  amount  of  yariation  in  the 
details:  the  beauty  of  the  work  may  be  in- 
creased, when  desired,  by  the  application  of  the 
graving  tool  or  by  beading.  Care  should  be 
taken  in  this  style  of  work  that  the  several  plates, 
when  placed  together,  and  which  make  up  the 
tracery,  should  register  correctly,  and  that  as 
much  regnlarity  should  be  preserved  as  is  consis- 
tent with  the  geometrical  character  of  the  design. 
An  additional  illustration  of  the  tracery  sys- 
tem of  ornamentation  is  shown  in  the  lock.  Fig. 
112,  where  the  filling  up  of  the  principal  di- 
visions or  compartments,  surrounded  with  a 
threaded  moulding,  is  produced  by  perforated 
plates  laid  on  the  box  of  the  lock,  and  in 
the  angles  by  ornaments  of  quatre-foil,  of  a 
The  introduction  of  the  crest  in  the  central  divi- 


ng. 111. 
raised  or  cut-out  kind. 


Fig.  il2. 

sion  is  also  an  ornamental  feature,  which  lends  additional  interest  to  the 
subject. 
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The  succeeding  example  (Fig.  118)  is  a  Teiy  excellent  illnstraiion  of  the 
floriated  style  of  omar 
mentation.  The  lock 
from  which  the  drawing 
was  taken  is  preser- 
ved in  the  Museum  at 
Oscott.  In  this  exam- 
ple, the  foliage  which 
meanders  over  the  two 
principal  compartments 
of  the  box  of  tlie  lock, 
and  along  the  bolt-like  irig.ua. 

moulding,  is  cut  out  fxoni  plate  metal,  and  so  attached  to  the  metal  founda- 
tion that,  while  ad- 
hering firmly,  it 
is  placed  at  such 
a  distance  from  the 
foundation  that  light 
passes  under  the 
leafage,  and  a  sha- 
dow is  cast  by  it. 
The  hint  famished 
by  this  example  is 
capable  of  extensive 
application  to  the 
adornment  of  similar 
works  or  to  panels. 
Allusion  has  'al- 
ready been  made  to 
the  skill  displayed 
by  the  Nuremberg 
workers  in  "  cold 
iron."  In  Fig.  114 
we  give,  as  an  exam- 
ple of  their  work,  a 
look-escutcheon  for 
an  "  armorie,"  or 
"chest;"  it  was  made 
in  1500,  and  differs 
from  the  preceding 
exampleis  in  so  far 
that  though  these, 
like  the  present,  de- 
pend for  their  beauty 
upon  various  thicknesses  of  iron  plates  Md  over  each  other;  yet  the  present 
is  different,  inasmuch  as  the  scroll-work,  though  separate  from  the  foundation, 
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has  been  punched  or  *'  beaten  up/'  after  being  cut  out  or  pierced,  so  that 
certain  parts  of  the  ornament  show  considerable  convexity.  Additkmal 
beauty  has  been  given  to  the  subject  by  the  hatching  or  chiselling.  The 
character  of  the  foliage  is  sufficiently  indicative  of  its  German  origin. 

We  have  hitherto  dwelt  on  the  working  of  iron  in  its  plate  or  sheet  conditioii 
into  works  of  an  ornamental  kind;  in  Fig.  115  we  introduce  an  example  of  the 

sculpture  form  in  iron,  being,  like 
the  preceding  example,  a  lock  or 
bolt  for  an  "armorie."  It  is  of 
French  workmanship  of  the  period 
of  Henry  11.,  1550,  and  is  chiselled 
out  of  soUd  flat  iron  in  deUcate  low 
relief;  the  lion's  head  fonns  the 
handle  for  the  movement  of  the 
bolt,  and  the  lines  of  the  compo- 
sition are  exceedingly  gracefiiL 
But  this  example  is  of  an  ex- 
clusively artistic  character,  and 
therefore  it  does  not  so  directly 
interest  the  ordinary  iron-worker. 
It  cannot  fedl,  however,  to  be  very 
suggestive,  as  it  famishes  admir- 
able hints  for  the*  filling  up  spaces 
in  railing,  kc.  The  illustrations 
which  have  preceded  this  will  be 
sufficiently  confirmatory  of  the 
remark  made  by  a  distinguished 
authority  to  the  effect,  "  that  the 
lock  was  a  subject  on  which  the 
ancient  smiths  dehghted  to  exer- 
cise the  utmost  resources  of  their 
art.'*  In  churches,  locks  were 
introduced  with  sacred  subjects 
chased  upon  them.  In  the  twelfth 
and  thirteenth  centuries,  the  lock- 
smith's art  produced  many  works 
of  very  remarkable  taste  and 
spirit ;  among  others,  in  the  fifteenth  century,  a  tabernacle  door  was  sculp- 
tured in  iron  for  the  Abbey  of  St.  Loup  of  Troyes ;  it  is  rich  in  the  flamboyant 
Gothic  architectural  style  of  the  period,  a  figure  of  the  Saviour  occupying  the 
central  panel,  with  the  cup  in  one  hand  and  the  host  in  the  other.  All  the 
complex  details  of  this  elaborate  piece  of  art-workmanship  are  admirably  ex- 
ecuted. The  sculptures  in  iron  executed  by  Plattner  in  Germany  were  veiy 
celebrated ;  he  decorated  the  handles  of  swords  and  their  scabbards,  and  even 
carved  detached  statuettes  in  iron.  The  works  of  Leigeber,  bom  in  Silesia, 
but  who  worked  at  Nuremberg,  are  particularly  excellent :  among  the  great 


Fig.  115. 
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works  which  are  attributed  to  him  is  an  equestrian  statue  of  Charles  11.  of 

England  as  **  St.  George  Slaying  the  Dragon." 

But  to  return  to  the  work  of  the  artizan,  rather  than  the  artist  in  iron. 

With  the  period  of  the  Renaissance,  the  art  of  working  in  iron,  like  other 

quiescent  arts,  was  rcYived.  Locks  especially  were  then  carried  to  such  a 
degree  of  perfectioir^and  their  ornamentation  was 
of  so  high  a  finish,  that  they  were  looked  upon  as 
objects  of  art,  and  were  moved  from  one  place  to 
another,  like  any  other  valuable  piece  of  furniture. 
Nor  were  the  keys  forgotten  or  overlooked  while 
the  locks. were  thus  ornamented:  that  which  is 
now  a  bald  oval  grip  or  ring,  even  in  locks  of  an 
expensive  kind,  was,  in  the  fourteenth,  fifteenth, 
sixteenth,  and  seventeenth  centuries,  elaborated 
into  exquisite  designs,  filled  with  tracery  or  leaf- 
age, surmounted  with  coronets  and  crests,  or  per- 
forated into  the  form  of  initials  These  decora- 
tions were  produced  in  some  instances  by  means 
of  sawpierdng  or  perforation,  or  by  chiselling 
where  the  scroll- 
work was  in  relief. 
In  other  examples, 
in  addition  to  the 
chisel  recourse  was 
also  had  to  the 
graving-tool ;  and 
in  others  again,  the 
entire  finish  was  de- 
pendent upon  the 
clever  use  of  the 


mm 
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Fig,  116. 

file.  The  complicated  character  of  the  wards 
was  also  another  peculiarity  in  the  ancient 
keys.  As  illustrations  of  the  general  appear- 
ance of  these,  and  with  the  intention  of  giving 
some  idea  of  their  elaborate  style  of  orna- 
mentation, four  illustrations  are  introduced. 
Fig.  116  is  an  example  of  French  or  German 
wormanship,  produced  by  a  union  of  perfora- 
tions by  drilling,  chiselling,  filing,  and  en- 
graving. It  is  supposed  to  have  been  made 
about  the  year  1350.  Figs.  117  and  118 
give  two  representations  of  the  same  key. 
It  is  of  an  exceedingly  complex  character,  depending  for  its  ornamentation 
on  the  minute  perforations  which  are  introduced;  the  trefoils  evidently 
form  the  sides  of  a  hollow  square,  surmounting  a  circular  disc,  which  is 
perforated  star  or  wheel  fashion,  and  stands  on  an  oval  minutely  quatarefoil 


klg.  117. 
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piece  of  perforated  iron,  to  which  the  neck  of  the  key,  with  its  delicftftB 
wards,  is  attached.  This  example  bears  date  1400.  Fig.  119  is  also  re- 
markable for  its  delicate  thread-like  piercing,  with  the 
graceful  arrangement  of  lines  or  portions  of  metal  left, 
the  Gothic  character  of  the  design  being  well  preserved : 
it  13  supposed  to  bo  of  Fi-ench  or  Flemish  origin,  and 
bears  date  1480.  Fig.  120  is  an  example  of  Italian  or 
French  workmanship  of  the  fifteenth  century,  and  is 
produced  by  perforation,  the  wheel-liJte  grip  of  the  key 
being  formed  separately,  and  inserted  into  the  shank 
or  spindle  of  tlie  key. 

Before  the  wood-carver  took  possession  of  the  sur- 
face  of  the  doors  which  guarded  the  entrances  to 


Fig.  120. 

ecclesiastical  edifices  of  the  day,  the  hinges  frequently  covered 
over  the  whole  face  of  the  door.  These  hinges  were  both 
beautiful  in  design,  and  correct  in  principle.  The  modem  con- 
cealed hinge,  w^liich  is  now  so  generally  adopted,  is  ah*  error. 
Being  constnicted  on  the  lever  principle,  the  door  may  be 
very  easily  disconnected  from  its  attachments.  Not  so  tlie 
ancient  hinges  which  graceftiUy  expanded 
themselves  over  the 
door,  covering  its 
whole 
width 
cui*\'es 
bolted 
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Jrig.  119. 


details. 


with    graceful 
;     and     being 
through    and 
to  the  door  in 
various  places, 
were  alike  use- 
ful and   orna- 
mental.     Thus    the 
iron    hinge-work     of 
tlie  east  door  of  St. 
George's  Chapel,  Wind- 
sor, presents  the  most  exquisite  aiTange- 
mcnt  of  cleverly  designed  and  skilfully 
executed  scroll-work,  full  of  ornamental 
A  somewhat  modified  illustration  of  the  older  form  of  hinges  is 
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given  in  Fig.  121.    The  BcroUs  of  these  are  worked  separately,  and  welded  to- 

gefher  when  each  portion  is  completed, 

and  also  attached  to  the  horizontal  pro- 

jecting-bar   by  welding.     The  lealnge 

is  indented  with  sunk  or  raised  details 

by  means  of  pnnches;  and  the  curved 

beads  which    are  introduced   on   the 

stems  ate  executed  when  the  inm  is 

in  a  heated  state,  by  sinking  it  into 

swages,  sunk  conoaye  when  the  beads 

are  desired  to  be  conyex,  and  the  re- 

yerse  when  conoare. 

In  Fig.  122  a  design  or  hinge  of 

simpler  <^a3nMter  is  figoxed,  which  is 

dependent  vpon  its  outline  only  for  its 

ornamental  features.    In  this  example,  ^'  ^^' 

in  additkm  to  the  assistance  afforded  by  the  chisel,  the  beak  of  the  taxv^ 
has  been  used  to  a  considerable  extent,  with 
but  little  additional  assistance  from  the  use  of 
the  file. 

The  two  examples  of  hinges  here  introduced 
may  be  supposed  to  be  applied  to  doors  plain  or 
flat  on  their  entire  surface,  and  the  x>ortions  of 
wood  not  covered  with  their  foliations  being  orna- 
mented with  rosette,  lozenge,  octagonal,  or  other 
shaped  head  nails  or  studs.  In  Fig.  1 23,  another 
form  of  hinge  is  introduced,  which  may  be  used 
with  excellent  effect  when  the  door  is  framed  and 
panelled.  The  ornamental  features  of  this  hinge 
are  produced  in  a  similar  manner  to  the  plate 
of  the  handle.  Fig.  Ill,  and  the  lock.  Fig.  112, — 
viz.  by  a  succession  of  two  or  more  thicknesses 
of  metal,  t>erforated,  engraved,  chamfered  off,  and 
chased,  tlie  moulded  edge  being  formed  by  the  file 
or  produced  by  staging.  By  way  of  rendering 
our  representation  of  the 
various  kinds  of  hinges 
complete,  an  illustration 
of  a  kind  very  generally 
used  in  the  famitnrfe  of  ^'  ^•** 

a  by-gone  period  is  here  introduced,  which  umtes  both  strength  and  orna- 
ment, as  represented  in  Fig.  124. 

So  far,  however,  as  hinges  of  the  class  we  hiive  figured  are  concerned, 

there  are  very  few  examples  which  can  ccTmpete  with  those  on  the  doors  of 

the  Church  of  Notre  Dame,  at  Paris,  more  particularly  on  that  of  the  south 

portal :  these  are  reported  to  have  been  made  by  Biscoxmette,  a  fiamous 
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smith  of  the  sixteenth  century ;  but  their  style  points  to  the  earlier  pari  of 
the  thirteenth  centoiy.  The  sculptures,  consisting  of  birds  and  onuunfinta, 
are  marvellous  productions ;  they  are  made  of  iron  of  a  peculiar  quality, 
produced  by  a  method  which  puzzled  Gaegart,  the  locksmith  to  the  king, 
who  broke  oif  a  portion  in  order  to  get  some  knowledge  of  it  by  examina- 
tion ;  what  he  did  get,  however,  he  could  not  use.  It  is  said  that  Biscoimetie, 
the  smith  to  whom  they  were  attributed,  **  melted  the  iron  with  incredible 
industry,  rendering  it  flexible  and  ductile,  and  giving  it  the  various  foxms 
and  scrolls  he  wished,  with  a  skill  which  excited  the  admiration  of  all  iion> 
workers."  Even  now,  with  the  increased  knowledge  of  iron  and  its  pro- 
perties, there  are  in  the  minds  of  many,  doubts  as  to  whether  they  are  cast 
and  filled  up,  or  wrought  with  the  hammer.  The  secret  of  their  manu- 
fiacture  is  supposed  to  have  died  with  their  supposed  maker,  for  no  trace 
of  the  process  employed  in  his  work  remains.  Like  most  things  done  at  a 
period  when  clever  workmanship  produced  results  which  seemed  super- 
natural to  the  uninitiated,  their  maker  was  supposed  to  have  entered  into 
compact  with  the  doer  of  all  evil  to  help  him.  It  may,  however,  be  safely 
affirmed  that  they  are  of  wrought-iron,  made  in  the  thirteenth  century ;  and 
that  all  their  reputed  maker,  Biscormette,  did,  was  simply  to  repair  them ; 
for  it  cannot  be  supposed  that  a  knowledge  of  the  processes  for  rendering 
cast-iron  malleable  existed  at  that  early  period.  This  is  another  reason 
for  the  opinion  entertained,  that  they  are  made  of  wrought-iron,  skilfully 
and  artistically  worked. 

But  the  mediffival  workman  had  other  resources,  which  he  failed  not  to 
take  advantage  of,  in  order  to  give  variety  to  his  deaign. 
Aware  of  the  properties  of  iron,  and  the  liberty  which 
could  be  taken  with  it  in  a  heated  state,  he  hesitated  not 
to  twist  the  square  bar  when  formed,  and  to  intertwine 
round  rods  together ;  by  these  means  he  produced  alike 
variety  and  beauty.  For  the  better  understanding  of  this 
process,  two  examples  are  given.  Fig.  125  represents  a 
handle  formed  from  square  iron.  The  method  by  which 
the  twist  is  produced  is  exceedingly  simple.  It  is  effected 
by  heating  the  square  bar  to  a  red  heat ;  while  in  this 
state  the  one  end  is  held  in  the  square  hole  of  the 
anvil,  or  in  the  blacksmith's  vice,  while  the  other  is  laid 
hold  off  by  a  wrench  or  key,  and  twisted  round :  the 
result  is  a  spiral  as  figured.  Kegularity  in  the  dis- 
tance of  the  threads  or  twists  is  secured  by  heating  that 
portion  of  the  bar  where  the  irregularis  occurs,  the 
correct  part  being  cooled  and  kept  cool ;  the  wrench  is 
again  applied,  when,  as  a  consequence,  the  threads  too 
Fig.  125.  much  apart  are  gradually  made  to  approach  each  other, 

and  the  irregularity  is  thereby  corrected;  the  portions  of  the  handles 
or  grips  which  are  to  be  riveted  into  the  plates,  are  then  bent,  in  order 
to  insure  the  required  projection.   These  plates  are  formed  from  wrought-iron. 
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thinned  towards  the  edge,  the  outlme  being  given  as  described  in  the  preceding 

paragraph  descriptLve  of  the  production  of  a  crocket ;  the 

grip  is  tiiereafter  riveted  in,  and  the  handle  is  complete. 
In  Fig.  126  is  shown  an  example  of  intertwining 

round  rods  or  bars.    In  this  example  the  handle  or  grip 

lias  been  produced  by  placing  together  side  by  side,  when 

in  a  heated  state,  and  paraUel  to  each  other,  two  rods  of 

iron ;  these  being  held  in  a  vice,  are  taken  hold  of  and 

twisted  round  until  the  desired  effect  is  secured ;  after 

which  a  portion  is  cut  off  each  rod  at  the  reverse  end^ 
The  single  end  is  bent  down  to 
give  the  projection  for  the  inser- 
tion of  the  hand ;  the  grip  thus 
formed  is  then  riveted  into  the 
plate  by  which  the  handle  is 
attached  to  the  door. 

It  will  be  readily  understood  ^-  ^^ 

that,  by  using  other  forms  of  bar  or  rod  than  those 
already  described  in  the  examples  alluded  to,  great 
variety  and  beauty  may  be  given ;  for  insitance,  an- 
gular, oval,  reeded,  or  fluted  bars  or  rods,  will  much 
improve  the  appearance  of  the  handles  or  railings 
in  which  they  are  introduced.  The  examples  to 
which  attention  has  been  directed  have  been  more 
particularly  formed  out  of  two  kinds  of  iron — ^viz. 
bar  and  sheet.  There  are,  however,  otiher  in- 
stances in  which  sheet  and  bar-iron  are  made  use  of 
together;  such  cases  occur  in  railings  or  altar- 
screens,  in  which  the  uprights  may  be  formed  from 
square  bars — twisted  in  certain  portions,  the  comers 
chamfered  off  in  others.  The  bars  are  thereby 
reduced  to  an  octagonal  form,  while  the  capitals 
and  bases  get  their  contour  by  skilfdl  forging,  and 
are  kept  correct  and  uniform  by  being  hammered 
into  swages  cut  in  steel,  after  the  manner  of  a  die, 
into  which  the  heated  iron  is  driven.  In  the  pro- 
gress of  formation,  the  transverse  or  horizontal  bars 
through  which  the  uprights  rise  may  be  beaded 
or  o^erwise  ornamented  on  their  outer  edge ;  ele- 
gant rosettes  may  also  be  introduced,  and  the  finials 
or  tracery  made  from  sheet-iron.  In  order  to  ren- 
der this  imion  better  understood,  see  Fig.  127,  in 
which  this  method  of  using  various  kinds  of  iron 
together  is  shown.  In  this  example  the  shaft  A  is 
formed  separately  from  square  iron,  by  twisting  in 


Fig.  127. 


the  manne  r  already  described  in  the  formation  of  the  twisted  handle  (Fig.  1 25) . 
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The  capital,  and  the  portion  of  the  bar  which  xises  np  through  the 
Terse  bars  0  C,  are  forged  together,  the  capitals  being  formed  in  swagea; 
the  ascending  portion  is  slit  transverselj,  and  into  the  sMt  is  laid  or  placed 
the  finial  and  tracery  fanned  of  sheet-iron,  maxked  D  D  D,  which  poztians 
are  held  there  by  rivets,  which  axe  indicated  in  the  woodcat.  The  trans- 
Terse  bans  C  C  0  receive  fheir  rope-looldng  appearance  on  the  edges  also  fay 
being  swaged.  The  tall  npri^ts  in  this  example  an 
formed  of  not  less  than  six  parts,  and  they  are  united 
together  by  screw-pins  at  EEE.  The  small  npright 
F  is  formed  of  ronnd  iron,  and  its  teiminal  of  fiat 
or  plate-iron.  The  hints  snpplied  by  this  method  of 
constmction  descxibed  will  be  amply  sufficient  to  show 
how,  by  taking  adTantage  of  the  Taiieties  of  iron  now 
manufactured  in  the  establishments  of  those  who  deal 
in  thia  very  nsefnl  metal,  the  most  complicated  de- 
sign may  be  snccessfolly  realised.  In  thia  example, 
however,  there  has  imdoabtedly  been  a  great  amoont  of 
fitting  reqniaite ;  the  blacksmith  and  white- 
smith haTe  worked  together,  with  the 
hammerman,  the  filer,  and  the  fitter.  It 
unites,  howcTer,  in  a  remaricable  degree, 
the  (joalities  of  strength  and  lightness,  in 
connection  with  the  power  of  realizing 
great  beauty  of  design.  The  rosettes  and 
shields  GG  add  munch  to  its  quaint  and 
peculiar  character. 

In  Ilgs.  128  and  1 29  excellent  examples 
of  working  in  solid  iron  are  shown.  The 
ascending  character  and  intention  of 
these  finials  are  well  maintained:  they 
are  intended  to  represent  the  ornamental 
terminations  of  turrets  or  gables ;  and,  in 
connection  with  the  pointed  style  of  archi- 
tecture, th^  appear  to  be  in  admirable 
keeping.  A  considerable  portion  of  these 
haTe  CTidentiy  been  formed  by  the  use  of 
swages.  The  details  of  the  coronet  in  Fig. 
128  are  sculptured  after  being  forged,  as  also  are  the  pendant  flowers.  The 
same  amount  of  care  is  evident  in  Fig.  129,  the  rcTerse  heart-formed  omar 
ment,  with  its  leafage,  being  a  deTer  exemplification  of  the  iron-working  of 
the  period,  showing  alike  good  forging,  fitting,  and  tasteful  design. 

With  the  period  of  the  Middle  Ages,  howeTcr,  all  clcTer  constraotion  in 
iron  did  not  tenninate ;  the  spirit  which  animated  them  seems  to  have  lin- 
gered for  a  long  period,  and  cTen  to  have  surrived  in  the  workman  long 
after  the  architect  had  surrendered  all  claims  to  originality  in  his  designs, 
and  adopted  the  conTentionalized  treatment  of  an  inferioir  architectoxe.    It  la 


Fig.  128. 
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most  true  that  floridity  and  incongruity,  in  the  majority  of  instances,  marked 
the  prodnetions  of  the  latter  period ;  bnt  the  construction  was  quite  as  com- 
plicated, if  not  more  so,  in  so  fftr  as  the  pieces  which  made  up  the  work 
j  were  larger,  while  the  floriated  or  naturalistic  character  of  the  design  increased 
the  difficulty  attendant  upon  the  manipulating  process.  In  this  class  of 
works  we  only  include  such  examples  of  iron-working  as  were  made  by  the 
blacksmith  with  the  hammer,  and  of  which  the  scrolls  or  floriated  portions 
introduced  were  part  and  parcel  of  the  workmanship,  and  not  such  as  may 
be  found  on  the  gates  of  the  Clarendon  Printing-Office  at  Oxford,  with  other 
examples  produced  in  the  early  part  of  the  seventeenth  century,  where  the 

almost  Quatorzio  character  of  the 
design  necessitated  the  pinning  on 
of  the  ornaments  or  scrolls  to  the 
skeleton,  formed  of  bar  or  rod-iron. 
In  this  style  of  construction,  the  or- 
naments clung  to  the  skeleton  like 
limpets  to  a  rock:  they  were  at- 
tached externally,  and  they  showed 
that  such  was  their  connection; 
ignoring  the  principle  that  the 
decoration  should  insensibly,  as  it 
were,  suggest  that  it  was  a  unity 


inseparable  from  the  object  of  which  it  formed 

a   part.      For   the   better    understanding  of 

the  mode  of  working,  two  illustrations  are  here 

introduced  (Figs.  130  and  131),  in  which  the 

work  was  produced  chiefly  by  the  blacksmith, 

and  in  which  the  ornamental  parts  naturfllly 

take  their  place.     It  may  be  well  to  point 

out  that  Fig.  130  is  simply  a  filling  up  of  a 

space  or  panel,  where  strength  is  secured  by  the 

introduction  of  the  uprights.    Fig.  131  repre-  Fig.  isi. 

sents  the  intermediate  panel.    These  two  examples  bear  indubitable  eyi- 

dence  of  the  honorfide  character  of  the  workmanship,  in  the  hammer  marks 

which  may  be  detected  on  the  surface.    Fig.  132  is  the  flower  shown  in 
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section,  which  was  forged  separately,  and  screwed  on  to  the  end  of  the  con- 

Q         Yoluted  stem.    It  will  also  be  observed  that  connection  is  made 

'^NJl^^  of  the  several  parts  formed  separately  by  means  of  bands  or 

^       clips,  marked  G  G  G.    In  these  illustrations,  every  portion  of  the 

Fig.  1S3.     railings  was  wrought  from  bar-iron.    They  stand  on,  and  form  the 

balustrades  and  railings  of,  the  staircase  of  a  building  designed  by  Inigo 

Jones,  now  the  council- chamber  of  a  small  provincial  town  in  Scotland ;  and 

the  workman  who  constructed  them  was  paid  at  the  rate  of  a  groat  a^day 

for  his  labour.    The  iron- work  of  the  gates  of  Gray's  Inn  and  of  the  Temple 

Gardens,  London,  partakes  of  this  style  of  workmanship. 

In  order  to  illustrate  more  fully  the  methods  of  construction,  or  modes  of 
working  adopted  in  ornamental  iron- work,  an  example  of  "  stuck  on"  orna- 
ment is  introduced  in  Fig.  138.     This  gives  evidence  of  skilful  workman- 


ship— a  knowledge  of  the  art  of  **  beating  up  "  or  repovsse  in  iron,  which  is 
creditable  to  the  artizans  who  \rere  engaged  in  the  production  of  the  work. 
The  several  pieces  of  ornament  were  formed  separately,  and  attached  to 
the  frame  by  pinning  them  to  the  already  formed  portion  of  the  gate  (B). 
Great  intelligence  and  skill  have  been  shown  both  in  the  beating  up  of  the 
ornaments,  and  fitting  them  on ;  but  neither  the  design  nor  the  method  of 
construction  can  be  commended,  however  much  the  skill  of  the  workman 
may  be  admired. 

Doubtless  there  are  other  andyaried  methods  of  construction ;  but  in  the 
examples  introduced,  the  principles  which  are  involved  in  ornamental  iron- 
working  have  been  laid  down.  The  use  of  the  tools,  and  facility  in  practically 
working  out  the  art,  can  only  be  arrived  at  by  an  acquaintance  with  the 
labours  of  the  smithy.  One  peculiarity  distinguishes  the  present  age — that  is, 
the  division  of  labour :  a  principle  well  fitted  to  quicken  production,  but 
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utterly  BubversiTe  of  the  leading  cliaractoiistics  of  the  older  workers  in  metal, 
and  calculated  to  destroy  all  originality  in  the  workman.  In  those  days 
the  artizan  worked  out  the  object  himself;  he  made  what  tools  he  required — 
he  laboured  earnestly  and  truthfdlly  at  his  task.  But,  with  all  the  levelling 
tendency  of  the  present  system,  it  is  evident  that  with  the  olden  time,  the 
ancient  skill  and  ability  of  the  artizans  of  this  country  have  not  wholly  de- 
parted, for  works  in  iron  have  recently  been,  and  are  now  being,  made  by 
Hardman  and  Co.,  of  Birmingham,  and  SMdmore  of  Coventry,  which  quite 
equal  the  best  examples  of  the  mediseval  period.  These,  however,  have  not 
been  produced  by  ordinary  workmen,  but  by  men  trained  under  the  inspection 
of  superintendents,  who  have  studied  design  and  construction  united.  This 
consideration  suggeste  the  propriety  of  the  union  of  the  two  elements — the 
designer, 'iMth  a  thorough  knowledge  of  the  principles  of  design  as  well  as  the 
modes  of  construction;  and  the  artizan,  with  eyes  educated,  to  produce  the 
design  placed  before  him.  The  true  test  of  the  skilful  artizan  is  the  ability 
to  work  out  readily  whatever  design  is  placed  before  him  in  a  drawing; 
and  he  should  ever  bear  in  mind  that,  however  common  the  material  on 
which  he  is  operating,  it  is  intelligent  labour  which  lends  the  value  to  that 
material.  Keeping  this  ever  in  view,  will  be  an  incentive  to  his  exertions, 
and  make  him  anxious  te  excel. 

A  word  or  two  on  the  preservation  of  works  in  iron  may  not  be  out  of 
place  in  concluding  this  portion  of  our  subject.  The  tendency  to  decay  by 
oxidation  in  a  peculiar  degree  distingaishes  this  metal ;  it  may,  however, 
be  protected  by  being  covered  or  painted  over  with  an  oleaginous  varnish  : 
this  allows  the  natural  colour  or  skin  of  the  iron  to  be  seen,  and  is  usually 
applied  where  there  is  a  desire  not  to  conceal  the  material  out  of  which  the 
work  to  be  preserved  is  made;  iron  may  also  be  coated  with  gold,  silver,  or 
copper,  by  the  electro-deposit  process.  Brunswick  and  Berlin  black  var- 
nishes are  frequently  used  to  coat  and  protect  iron.  Coating  by  immersion 
in  a  bath  of  melted  tin,  is  sometimes  adopted.  Galvanizing  (a  misnomer, 
however),  by  means  of  coating  by  immersion  in  melted  zinc,  has  recently 
been  in  much  favour  for  the  same  purpose;  and  the  cheap  process  of 
enamelling,  known  as  that  of  Flaiis,  has  also  been  tried  with  complete 
success.  For  the  three  last  means  of  protection,  it  is  necessary  to  clean  the 
skin  or  outer  surface  of  the  article  to  be  protected,  by  immersion  in  muriatic 
add  (spirite  of  salt) ;  and  when  this  has  been  done,  to  dip  the  cleansed 
article  in  a  bath  of  melted  tin  or  ziqc,  when  the  complete  adhesion  of  a 
coating  of  the  melted  metal  is  readily  secured.  In  enamelling,  in  the  early 
stage  of  the  process,  the  same  method  of  cleansing  is  gone  through;  the 
article  so  cleansed  is  then  dipped  into  a  prepared  gummy  or  adhesive  fluid ; 
the  glass  or  enamel,  reduced  by  pulverization  or  grinding  to  a  granulous 
powder,  is  dusted  upon  it,  and  it  is  then  put  into  a  suitable  muffle  and  placed 
in  a  furnace ;  the  result  is  that  after  a  few  minutes*  exposure  to  the  intense 
heat  of  the  muffle,  the  powder  foses  into  a  uniform  glassy  coating,  impervious 
to  damp,  and  affordiag  complete  protection  to  the  metal  object  so  coated. 

Ivoa  Jjrohltoetoze.— Leaving  the  more  miuute  manipidations  in  iron,  we 
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SOW  propose  to  offer  a  few  remarks  on  the  application  of  wrought  and 
iron  to  arbhitectoral  purposes.  As  we  have  seen  in  Mr.  Yose  Fickett't  paper, 
that  gentleman  contemplates  that  a  mnch  higher  order  of  beaolj,  aa 
well  as  a  larger  amount  of  utility,  and  yaxious  other  advantages,  will  re- 
sult from  the  use  of  this  material  over  any  prfreirieting  azohitecture.  The 
idea,  he  tells  us  in  his  first  work,  occurred  to  him  while  visiting  the 
stalactite  caverns  of  Derbyshize;  and  in  his  pages  is  visicxned  forth  an 
ideal,  which  it  is  to  be  hoped  will  ere  long  be  realized :  hitherto  it  has  nkot 
The  building  which  accommodated  the  world's  products  and  the  induafay 
of  evezy  people  at  the  Universal  Exhibition  of  1651,  was  indeed  a  won- 
der; elaborated  from  the  blotting-paper  sketch  of  Pazton,  by  the  geuina 
and  industry  of  Fox  and  Henderson,  it  directed  the  public  atboition  to 
iron  architecture  by  the  very  great  simplioiiy  of  its  ccmatructum,  the  nqpi- 
dity  with  which  it  rose,  gourd-hke,  from  the  ground,  and  the  extent  of 
apace  which  it  covered:  but  there  its  merits  ceased;  for,  saving  said 
excepting  its  transept,  ornamental  features  it  had  none ;  ifta  box-like  fiocm 
gave  no  relief  to  the  eye.  Time,  doubtless,  had  something  to  do  with 
this.  Bemodelled,  and  standing  on  the  heights  of  Sydenham,  with  its  addir 
tional  transepts,  it  must  be  admitted  to  approximate  somewhat  nearer  to 
the  ideas  of  Mr.  Pickett ;  but  something  greater  has  yet  to  be  done  ere  the 
true  capabilities  of  iron  for  ornamental  architectural  purposes  are  clearly 
developed.  One  property,  however,  has  been  satisfactorily  demonstrated* — 
viz.  its  great  strength.  There  were  not  wanting  those  who  proved  clearly  and 
satisfactorily  to  their  own  minds,  that  the  Exhibition  building  of  1851  mnat 
necessarily  &llr->it  could  not  stand ;  it  represented  a  series  of  bedsteads  stead- 
ing upside  down;  a  gale  of  wind  would  upset  it  ere  a  single  contribution 
&und  its  way  into  the  interior :  the  galleries  must  fail  These  and  a  thouHand 
other  surmises  and  doubts  had  a  quietus  put  on  them  by  the  result,  which  iu 
surpassed  the  most  sanguine  expectations  of  the  defenders  of  the  much-abused 
structure.  It  may  be  interesting  to  remind  the  reader  even  now,  that  in  this 
great  national  work  3784  tons  of  cast-iron  were  used,  702  tons  of  wrought- 
iron,  and  that  at  one  period  not  fewer  than  2300  men  were  employed  upon  it 
There  were  2300  cast-iron  girders,  resting  on  1060  cohunns.  The  patterns 
employed  were  reduced  in  this  work  to  the  smallest  possible  number; 
uniformity  being  the  great  object  aimed  at,  the  '*  repeats  "  were  of  course 
necessazy.  This  operated  in  a  saving  both  of  time  and  expense,  all  essential 
where  rapidity  of  construction  is  the  point  aimed  at  The  stabilily  of  the  new 
architecture  having  been  ascertained,  it  ila  matter  of  surprise  that  no  attempt 
has  yet  been  made  to  add  to  it  the  graces  of  ornament  How  this  may  be 
done,  has  been  very  clearly  laid  down  in  Mr.  Pickett's  "  New  System," — ^vis. 
to  increase  the  number  of  our  appliances,  so  as  to  embrace  the  whole  range  of 
metallic  substances,  and  admit  the  adoption  of  each  of  them,  ia  every  form 
in  which  science  may  render  them  available,  and  by  which  we  may  be  enabled 
to  realize  a  higher  order  of  beauty  than  it  is  possible  to  produce  in  stone ;  to 
unite  in  the  highest  degree  with  that  beauty,  all  the  neoeasaiey  utilities  required 
of  the  art :  and  this,  under  many  circumstances,  at  a  coat  fax  inferior  to  that 
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by  which  the  ordinaxy  efiBscts  of  masonic  architectnre  aie  obtained.  The 
greatest  objection  which  could  be  brought  against  the  material,  is  its  liability  to 
oxidation ;  but  that,  as  we  have  just  seen,  may  be  countezaoted  by  vaiious 
means,  as  electro-coating  with  copper,  or  the  so-called  process  of  galvanizing 
or  immersing  the  iron  in  a  bath  of  melted  zinc.  The  appUc^tion  of  barium 
or  carbonate  of  bary tes  is  also  recommended  for  this  purpose ;  coupled  with 
its  SHceptibility  for  the  pennanent  retention  of  every  variety  of  colour,  this 
material  produces  all  the  appearance  of  porcelain  on  the  surfetce  of  the  iron, 
presenting  great  richness  in  effect;  but  enamelled  glass  is  by  fur  the  most 
attractive  material  for  these  purposes,  possessing,  as  it  does,  the  additional 
recommendation  of  the  most  perfect  and  enduring  deanliness. 

An  uniform  and  consistent  application  of  metals  to  the  purposes  of  archi- 
tecture will,  perhaps,  tend  more  than  anything  that  could  be  devised  to  en- 
courage the  revival  of  the  beautiful  art  in  "  wrought-iroa  work,"  which  was 
formerly  carried  to  such  great  perfection.  The  excellence,  however,  to  which 
every  description  of  casting  is  now  candled,  and  the  infinitely  greater  economy 
attendant  upon  it,  will  doubtless  render  very  limited  the  employment  of 
wrought  iron  work  in  any  metallic  architecture,  unless  it  be  as  a  partial  and 
superior  ac^unct,  occupying  a  similar  position  in  relation  thereto,  as  does  thA 
art  of  sculpture  to  the  masonio  art 

Independent  of  casting,  various  other  processes  in  the  manufacture  of 
metals  will,  both  in  regard  to  effect,  utility,  and  economy,  be  found  highly 
useftQ.  Jbnongst  these  may  be  enumerated  the  rolling  and  corrugating  of 
sheet-iron,  which  may,  with  great  advantage,  be  applied  to  various  internal 
purposes ;  stamping  or  embossing  in  the  various  fonns  required  for  the  de- 
corative features  of  the  art,  whenever  the  processes  of  working  or  casting 
prove  too  difficult  or  expensive  to  be  obtained;  every  description,  like- 
wise, of  woven  or  wire-work,  whether  in  the  form  of  gauze  for  a  lining  of 
certain  parts  and  for  the  purpose  of  ventilation,  for  the  admission  of,  or  for 
subduing  the  effects  of  light,  force  of  the  sun's  rays,  Ac. ;  or  in  any  other 
form  (and  they  are  multitudinous)  in  which  it  may  be  worked  by  the  hand, 
and  employed  for  the  purposes  of  art 

Copper,  and  more  especially  brass,  will  also  be  found  a  highly  useful 
constituent  of  architecture  in  coi\junction  with  iron.  The  fadhty  and  beauty 
with  which  every  variety  of  form  may  be  produced  by  means  of  embossing 
as  well  as  of  casting  in  this  metal,  and  the  advantages  it  possesses  of  assum- 
ing, and,  when  lackered,  of  permanenfly  retaining,  a  colour  and  polish 
similar  to  that  of  gold,  together  with  the  cheapness  of  its  production,  render 
its  extensive  introduction  into  the  interior  of  edifices  an  object  hig^ily 
desirable  whenever  the  practice  of  "a legitimate  metallurgic  architecture" 
shall  be  established. 

Japanning  and  enamelling  in  yarions  colours,  &c.,  whilst  fbzming  an  ex- 
cellent preservative,  is  also  a  familiar  appendage  of  metallic  substances  in 
manufacture,  and  is  therefore  consistentiy  admissible  for  the  purposes  of 
internal  decoration.  In  fsict,  almost  every  description  of  paint,  as  well 
as  the  majority  of  colours,  being .  composed  of  metallic  substances,  are 
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the  legitimate  mateiialB  of  a  "metallargic  architecture."  The  occafrionid 
introduction  of  varioasly  cut  and  coloured  glass,  after  the  manner  of  gexoa 
in  jewellery,  is  also  perfectly  admissible  into  this  art,  whenever  Bapexiar 
richness  or  resplendency  of  effect  is  desired. 

From  their  affinity  with  metallic  properties,  as*  well  as  their  greater 
warmth  and  dryness,  in  addition  to  their  superior  harmony  in  effect,  ft 
preference  will  naturally  be  given  to  vitreous  and  similar  substances  for  the 
puiposes  of  pavements,  &c.;  amongst  the  most  useful  of  these,  the  numerous 
descriptions  of  encaustic  and  other  tiles,  of  asphaltic  and  other  compositions, 
may  be  enumerated.  Hitherto  the  suggestions  which  the  preceding  re- 
marks necessarily  evolve  have  not  yet  borne  fruit;  but  there  is  some  satis- 
faction in  knowing  that  recentiy  attention  has  again  been  directed  to  the 
subject  by  the  Ecclesiological  Society,  who,  deeming  it  of  some  importance, 
in  March  last,  besides  putting  themselves  in  communication  with  Mr.  Yose 
Pickett,  applied  to  two  eminent  contractors  for  tenders  to  build  an  iron 
church.  The  economy  of  iron,  in  connection  with  superiority  of  ornament, 
will  at  once  be  evident,  when  it  is  shown  that,  while  the  same  design  exe- 
cuted in  stone  would  cost  upwards  of  J67000,  Messrs.  Skidmore  and  Son,  of 
Coventry,  agreed  to  execute  the  same  in  wrought  and  cast-iron  united,  for 
the  sum  of  ^2500,  and  Messrs.  Ncughton  and  Bevan,  of  Gravesend,  for  the 
sum  of  ^2150.  The  remarks  accompanying  Messrs.  Skidmore's  estimate 
were  of  so  intelligent  and  explanatory  a  character,  that  we  place  them  in  exteMo 
before  the  reader : — "  If  iron  is  to  be  considered  a  material  of  our  age  and 
locality,  and  to  be  used  as  our  forefathers  used  every  material  of  their  day, 
giving  it  its  natural  expression,  adding  art  and  beauty  to  constructive  form, 
it  would  be  unlike  their  actions  and  imworthy  of  ourselves  to  use  a  new  (for, 
considering  the  facility  of  its  production  in  our  day,  and  its  great  and  ex- 
tending use,  it  may  be  considered  as  a  new)  material  only  as  a  cheap  expe- 
dient, instead  of  giving  to  it  that  development  in  Christian  art  of  ^^oh  it  is 
so  capable. 

"  In  furtherance  of  these  views,  I  would  suggest  the  use  of  geometrical 
forms  of  iron,  the  constructive  supports  of  the  walls  filled  in  with  marble  of 
various  colours ;  as  also  carving  or  ceramic  products  for  the  same  purpose.  The 
interior  would  afford  ample  scope  for  carrying  out  that  floral  treatment,  so 
much  used  in  the  fourteenth  century.  The  iron,  also,  would  require  coating 
with  pigments  to  preserve  its  surface,  and  would  form  a  ready  means  of 
iUtmiination.  The  renewed  use  of  crystals  and  gems,  as  in  ancient  metal- 
work  ;  the  use  of  enamels,  which  present  fiEunlities  would  permit  to  a  greater 
extent  even  than  in  ancient  work ;  the  covering  the  wall-surfaces  with  tapestry 
having  historical  subjects,  reredos  of  brass  or  silver  and  brass  combined, 
are  also  objects  to  be  aimed  at." 

In  the  design  for  this  church,  the  simplidty  of  the  constmotion  is  ren- 
dered vexy  apparent;  the  frame-work  is  of  cast-iron,  and  fitted  in  the  interior 
with  a  tracery  of  thin  sheet-iron,  perforated  into  ornamental  forms;  the 
columns  are  of  cast-iron.  The  clerestory  windows  are  divided  into  lights  by 
cast-iron  pillars  with  spiral  shafts,  having  plain  capital  and  base,  in  keeping 
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with  the  architectural  design.  The  walls  are  formed  of  double  iron,  placed 
.  some  inches  apart,  and  the  interstices  packed  with  felt  and  sand ;  the 
beantifallj  designed  rood-screen,  with  the  foliated  or  ornamental  cross  sur- 
mounting the  apex,  and  the  decorated  altar-rail  of  hammered  iron,  add 
considerably  to  the  beauty  of  the  interior.  Externally  the  appearance  of  the 
elevation  is  not  so  attractive ;  its  plainness  is,  however,  relieved  by  the 
bel&y,  with  its  perforations,  its  crockets  and  ornamental  cross,  and  tlie  iron 
filling  up  of  the  walls  of  the  porch.  Altogether,  the  admirable  designs  of 
Mr.  Vose  Pickett,  and  the  example  now  under  consideration,  lead  us  to 
think  that  there  is  a  great  future  for  iron  architecture,  when  the  capabilities 
of  the  material  are  taken  advantage  of,  and  that  encouragement  vouchsafed 
to  it  yrhich  the  importance  of  the  subject  demands. 
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CHAPTEB  XXVAL 

OOFPBB  AND  ITS  OBBS;  THBIB  8TN0NYHB8,  PBOPBBTIBS,  AND  U8B8, 
PB0GBB8B8  FOB  OLEANIMa  0BB8. 

OoppBB  is  one  of  the  six  pnmitiTe  metals;  it  is  the  lightest  of  aU  except 
iron  and  tin,  and  the  hardest  of  all  except  iron.  It  mixes  in  fnsion  with 
both  gold  and  silver,  to  both  of  which  it  forms  an  alloy.  It  is  veiy  liable 
to  nut;  all  kinds  of  salts,  all  nnctaons  bodies,  and  many  other  natoral  sub- 
stances subsequently  to  be  described,  are  solvents  for  it  It  is  remarkably 
sonorous,  being  the  basis  of  all  the  compound  metals  in  which  that  quality  is 
sought  for;  and  its  divisibility  is  so  great,  that  a  grain  dissolved  in  an  alkali 
will  give  a  sensible  colour  to  500,000  times  its  weight  in  water.  After 
hammering,  its  appearance  is  silky,  and  its  lustre  seems  to  be  increased. 
Heated  to  fdsion,  it  absorbs  oxygen,  oxidizes  at  the  surfiMe,  and  becomes 
covered  with  a  black  crust ;  and  it  may  be  converted  into  suboxide  altogether 
by  a  strong  heat  in  the  muffle.  At  a  high  white  heat  it  bums  with  a  greenish 
coloured  flame.  In  dry  air,  copper  is  unchangeable;  in  moist  air,  and  in 
pres^ce  of  carbonic  acid,  sulphuretted  hydrogen,  or  oth^  acids,  it  becomes 
dark,  and  assumes  a  bronze  colour. 

Copper  is  a  red-coloured  metal,  with  a  specific  gravity  of  8'78,  which  may 
be  increased  to  900  by  hammering,  or  one- seventh  heavier  than  wrought-iron. 
It  is  an  excellent  conductor  of  heat  and  electricity.  The  tenacity  of  cast- 
copper  is  sufficient  to  support  a  weight  of  19,000  lbs.  to  the  square  inch,  or 
rather  more  than  half  as  much  as  good  cast-iron.  "When  heated,  it  rapidly 
loses  strength,  and  at  a  dull  red-heat  is  little  more  than  half  as  strong  as  at 
ordinary  temperatures.  It  melts  at  1995"  of  Fahrenheit's  thermometer,  accord- 
ing to  DanieU,  but  Plattner  and  Guyton  Morveau  make  it  2148**  and  2204' re- 
spectively. By  numerous  experiments  the  author  has  determined,  that  at 
2100**  copper  coin  is  very  fluid,  from  which  circumstance  it  may  be  inferred 
that  the  fusing-point  is  within  a  few  degrees  of  2000°. 

Synonymes:  Cuprum,  Lat;  Cuivre,  Fr,;  Kupfer,  Ger.—The  name  of 
this  metal  is  said  to  have  been  derived  from  Cyprus.  By  the  alchemists 
it  had  the  application  of  "  Venus,'*  from  a  supposed  relation  to  the  planet  of 
that  name.  It  has  been  known  from  the  most  remote  antiquity,  having  been 
largely  employed  by  the  ancients  for  weapons  and  utensils  long  before  the  art 
of  making  iron  and  steel  was  discovered.  It  is  probable,  from  recent  disco- 
veries made  on  the  American  continent,  that  it  was  obtained  principally,  if 
not  entirely,  in  the  metallic  form ;  for  amongst  the  North  American  Indians 
weapons  of  copper  were  found,  which  have  subsequently  been  traced  for 
their  origin  to  extensive  deposits  of  the  metal  in  a  native  state. 

On  the  shores  of  Lake  Superior,  in  North  America,  masses  of  the  metal 
have  been  found,  varying  from  a  few  pounds  to  more  than  eighty  tons  in 
weif?ht.    The  produce  of  this  district  in  1855,  consisting  principally  of  the 
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metal,  amounted  in  yalne  to  npwaids  of  two  milHon  dollars.  Mr.  Henwood, 
who  visited  these  mines  in  that  year,  iEfpeaks  of  having  seen  the  miners  chip- 
ping off  the  metal  with  sharp  steel  ehisek ;  hut  so  tough  was  it,  that  it  emled 
up  like  shavings.  Much  difBonlfy  has  heen  ezperienoed  in  working  these 
mines,  on  aocoont  of  the  extraordinary  amount  of  lahour  requisite  ior  catting 
np  these  masses  of  metaL 

It  is  frequently  found  alloyed  with  silver,  or  in  dendritic  masses,  whose 
hranches  are  half  silver  and  half  copper,  both  of  brilliantly  bright  metallic 
lustre ;  the  silver,  for  the  most  part,  having  a  frosted  aiypearanoe. 

A  loige  vein  has  lately  been  found  at  Haeilech,  North  Wales.  It  is  of  fre- 
quent oecocrance  in  small  quantities  in  most  of  the  copper  mines  in  Cornwall. 
In  the  mining  department  of  the  Qxeat  Exhibition  of  1851,  there  was  a  veiy 
large  specimen  of  it  from  the  Trenance  Mines,  in  theXizard  district.  It  was 
a  portion  of  a  mads  thirty  feet  in  length,  taken  from  a  lode  worked  in  the 
serpentine.  It  is  also  found  in  Sweden,  Hungary,  Siberia,  and  Brazil  It  is 
ordinarily  associated  with  granite,  gneiss,  day-slate,  mica-slate,  serpentine, 
steatite,  quartz,  carbonate  of  lime,  sulphate  of  Ihne,  and  sulphate  of  barytes. 

It  oocars  CEystallized,  in  octahedral  and  other  fbrms,  in  ramose,  dendritic, 
and  amorphous  masses;  but  more  frequently  in  plates,  leaves,  or  grains  of  a 
brownish-red  colour,  ductile  and  malleable ;  but  by  fusion  these  properties 
are  rather  injured  than  improved. 

Pure  copper  in  mass  is  hard  and  sonorous,  but  capable  of  being  cut  with 
a  knife.  According  to  Moh's  scale,  introduced  in  '*  Chapman's  Mineralc^," 
its  degree  of  hardness  is  d'5  to  8,  that  of  tin  being  2,  and  lead  1*5.  Its  hard- 
ness is  increased  by  hammering,  rolling  into  sheet,  or  drawing  into  wire.  If 
either  of  these  processes  be  repeated  sufficiently  long,  the  metal  is  rendered 
extremely  brittle;  but  its  tenacity  and  malleability  may  be  restored  by  a 
process  of  anneaUng,  to  be  hereafter  described  in  treating  of  the  uses  of  the 


A  fracture  of  the  metal  in  a  soft  state  is  red,  shining,  granular;  and  if 
very  soft  metal,  it  is  crystalline.  When  hard,  its  fracture  presents  a  fibrous 
lightish-red  silky  aj^pearance.  The  increase  of  specific  gravity  from  8*78 
to  9*0  by  hammering  was  suj^osed  to  arise  from  the  condensation  of  the 
paztioles  of  the  mass ;  but  when  copper  is  melted  in  contact  with  the  atmo- 
sphere, it  ahsori)8  oxygen,  and  becomes  slightly  porous.  This  absorption  ia 
prevented  by  fusion  under  common  salt.  The  density  of  the  metal  so  fused 
has  been  found  to  be  8921 ;  and  after  being  subjected  to  a  pressure  of 
800,000  lbs.,  it  has  been  increased  only  to  8*980.  The  difierence  is  so  slight 
that  it  is  probably  owing  to  a  diminution  of  the  spaces  still  remaining,  rather 
than  to  an  approximation  of  the  particles  of  the  mass  to  each  other.  It  has 
a  disagreeable  taste  and  smelL  It  is  an  excellent  conductor  of  heat  and  of 
electricity.  Its  power  of  conducting  heat  is  898,  taking  gold  at  1000 ;  iron 
being  874,  and  lead  179. 

A  bar  of  copper  heated  from  Sr  Fah.  to  212^  is  lengthened  about  l-580th 
part,  while  iron  is  extended  only  l-810th. 

Taking  its  power  of  conducting  electridify  at  100,  that  of  silver  will  be 


Digiti 


ized  by  Google 


526  VBKB  OF  COPPKB. 


136*25,  of  gold  79*70,  of  iron  17*74,  so  that  it  will  be  seen  that  it  is  one  of 
the  best  conductors  of  electricity. 

Copper  in  a  finely  divided  state,  if  pressed  together  and  made  led-hot,  as 
in  Wollaston*8  process  of  preparing  platina,nia7be  welded  together  into  a  solid 
mass,  provided  it  has  been  soalced  in  oil  previoos  to  ignition,  in  order  to  pxe- 
yent  oxidation.  It  expands  in  solidifying.  The  addition  of  O'l  per  cent^  of 
potassiam,  2dnc,  or  lead,  will  prevent  expansion  in  cooling.  It  boils  at  an 
intense  white  heat ;  bnt  is  not  volatilized.  Exposed  to  intense  heat  in  a  doae 
vessel,  it  incurs  no  sensible  loss  of  weight 

In  a  finely  divided  state,  placed  on  ignited  chsrcoal,  it  bums  like  tinder ; 
if  on  being  lighted  it  be  put  into  an  atmosphere  of  oxygen,  the  comboslioai 
becomes  very  vivid,  the  metal  being  converted  into  the  state  of  protoxide. 

Lengthened  exposure  of  the  bright  metal  to  a  humid  atmosphere,  caoaes 
its  oxidation,  and  it  becomes  covered  with  a  green  carbonate  of  copper, 
commonly,  but  incorrectly,  termed  verdigris.  Htoted  to  redness  in  contact 
with  the  air,  it  oxidizes,  and  the  scales  of  the  oxide  &11  off.  With  care,  «t  a 
low  red-heat,  bars  of  it  may  be  worked  by  the  smith  in  the  same  manner  as 
iron.  Unlike  iron,  copper  will,  under  no  circumstances,  decompose  water, 
not  even  with  the  intervention  of  adds.  It  is  soluble  in  adds,  but  mostly  so 
in  the  oxygenating  adds. 

In  nitric  add  it  is  rapidly  dissolved  with  the  evolution  of  nitric  oxide, 
which  is  converted  into  tlie  ruddy  violet  fumes  of  nitrous  acid  on  coming  into 
contact  with  the  atmosphere.  It  is  dissolved  in  concentrated  sulphuric  add 
on  the  application  of  heat,  with  the  evolution  of  sulphurous  add  gas,  and 
the  production  of  sulphate  of  copper. 

Muriatic  add,  strong  or  dilute,  dissolves  it  but  slowly,  and  only  wiUl  the 
access  of  air.  Strong  solutions  of  the  alkalies  have  no  action,  because  thej 
contain  no  atmospheric  air ;  but  weak  solutions,  especially  of  ammonia,  with 
the  access  of  air,  rapidly  dissolve  it.  The  solutions  of  copper  are  distinguished 
by  their  green  or  purple  colour.  That  of  ammonia  is  particularly  remarkable 
for  its  deep  purple  colour. 

The  oxides  of  copper  obtained  from  solutions  in  add  by  neutralizatioii 
with  alkalies,  maybe  readily  obtained  perfectly  pure,  in  the  metallic  form,  by 
passing  hydrogen  over  them  in  a  close  tube  exposed  to  heal  A  heat  bdow 
redness  is  suffident  to  cause  the  decompodtion  of  the  oxides  with  the  pro- 
duction of  metallic  copper  and  of  water.  The  metal  may  also  be  obtained  by 
putting  zinc  or  iron  into  solutions  of  it  in  add. 

The  uses  of  copper  in  the  arts  and  for  industrial  purposes  are  exceedingly 
numerous.  Sheathing  and  fastenings  for  ships,  and  marine  engine  building, 
consume  a  large  quantity  annually.  The  copi>er-8mith,  plated- ware  manur 
fiicturer,  locomotive  boiler-maker,  and  enginewright,  likewise  work  up  con* 
siderable  quantities,  principally  as  bar  or  sheet  copper;  while  the  mint  is  a 
large  customer  for  the  copper  coinage.  But  the  articles  made  of  the  metal 
itself  are  few  in  comparison  with  the  numberless  forms  in  which  it  appears 
as  an  essential  ingredient  in  mixture  with  other  substances. 

The  gold  and  diver  coinage  is  alloyed  with  copper ;  gold  jewellery  is 
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alloyed  with  it  in  less  or  greater  quantity ;  imitation  gold  is  composed  prin- 
dpaJly  of  copper;  while  silver-plate  is  alloyed  with  it,  and  imitation  silver 
composed  to  the  extent  of  two-thirds  of  the  same  metal.  Chinese  gongs, 
bells,  reflectors  for  telescopes,  statuary  bronze,  gun-metal,  and  brass,  contain 
copper  as  a  preponderating  ingredient 

The  most  brilliant  green  paints  are  a  compound  of  copper  with  other 
substances;  other  combinations  produce  blues  of  great  value.  In  one  or 
other  of  these  forms  it  is  largely  used  in  enamel  painting  and  colour-making. 

Copper  is  one  of  the  most  abundant  metals.  It  is  found  widely  diflused 
throughout  organic  and  inoiganic  nature.  Although  all  tiie  salts  of  copper 
are  poisonous,  both  to  animal  and  vegetable  life,  it  has  been  found  in  the 
ashes  of  plants,  in  the  blood  of  man,  and  in  the  conger,  common  crab,  snail, 
oyster,  mussel,  &c.  In  the  oyster  it  has  sometimes  occurred  in  sufficient 
quantity  to  make  it,  as  an  article  of  diet,  veiy  deleterious.  It  is  found 
principally  mineralized  by  combination  with  sulphur  and  arsenic. 

With  sulphur  and  sulphuric  acid,  copper  forms  sulphurets  and  sulphates 
of  definite  composition ;  arsenious  and  carbonic  acid  also  appear  to  combine 
with  it  in  atomic  proportions.  With  iron,  gold,  silver,  lead,  tin,  zinc,  and 
some  other  metals,  it  forms  mechanical  mixtures  and  chemical  alloys ;  and 
the  same  is  believed  to  be  the  case  with  arsenic.  Sulphurets  of  these  metals 
appear  to  unite  with  sulphurets  of  copper  in  definite  proportions. 

Ooppex  Osos. — ^The  ores  of  copper  are  found  principally  in  the  primaxy 
and  the  lower  transition  rocks,  in  veins  varying  in  width  from  a  few  inches 
to  several  &thoms,  several  miles  in  length,  and  extending  in  depth  beyond 
the  Hmits  ascertained  by  mining. 

JRed  Oxide  of  Copper  (ruby  copper,  suboxide  of  copper)  is  of  a  bright  red 
colour,  sometimes  exhibiting  a  grayish  metallic  lustre  on  fracture,  which 
disappears  on  reducing  it  to  powder.  Specimens  of  this  variety  are  found  in 
Cornwall,  France,  Saxony,  Siberia,  Brazils,  and  the  Lake  Superior  district. 
Specific  gravity,  5*80  to  6*00.  When  pure,  it  consists  of  two  equivalents  of 
copper  with  one  equivalent  of  oxygen ;  or,  decimally,  of— 
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It  has  often  been  found  in  Cornwall,  beautifully  crystallized,  with  a  most 
brilliant  lustre,  translucent  on  the  edges  of  the  crystals  of  a  rich  ruby  colour. 
A  very  large  mass  of  it  in  the  amorphous  form  was  shown  in  the  Great 
Exhibition,  sent  there  from  the  Bedruth  district,  Cornwall. 

Blaek  Oxide  of  Copper  (peroxide  of  some,  protoxide  of  other  writers) 
occurs,  of  a  velvety  black  colour,  in  granular  masses  of  a  gritty  consistency. 
It  is  found  in  small  quantities  in  several  mines  in  Cornwall ;  in  larger  quan- 
tities in  France,  Siberia,  and  the  South  Australian  mines;  and  in  greatest 
abundance  in  the  Lake  Superior  district.  The  composition  of  pure  black  oxide 
of  copper  is  one  equivalent  of  copper  to  one  of  oxygen :  or,  decimally,  of — 
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Copper         .  .        79-83 

Oxygen        .        .        .        20*17 

100*00 

The  richest  pieces  mined  yield  about  45  per  cent  of  the  oxide;  the 
remaining  portion  of  the  ore  consisting  of  iron,  sulphur,  and  earthy  laai- 
ters.  It  is  nearly  always  accompanied  by  other  ores  or  copper,  such  as 
the  sulphurets  and  arseniates.  The  red  and  black  oxides  are  distinguished 
from  other  ores  by  their  ready  solubility  in  hydrochloric  add. 

Muriate  of  Copper  (oxychloride  of  copper,  atakamite)  is  of  a  green  colour, 
crystallizing  in  prisms  of  a  specific  gravity  of  4*40  to  4*50.  It  is  a  rare 
mineral,  having  been  detected  in  notable  quantities  only  in  Southern  Italy, 
Saxony,  and  the  Atakama  Desert,  in  the  neighbourhood  of  Chili  and  Pera» 
in  South  America.  In  the  latter  country  it  exists  in  considerable  quantity, 
decomposed  into  a  green  sand ;  but  the  absence  of  fuilities  for  transporting 
it  to  market  has  operated  against  extensive  mining.  Its  coBstittt«its  sxe 
chlorine,  copper,  oxygen,  iron,  and  water,  in  varying  proportions,  the  foUowiog 


of  one  specv 

men: — 

Chlorine 

16-00 

Copper 

57-60 

Oxygen 

11-34 

Wat^ 

1416 

Iron 

•90 

100-00 
Carbonate  of  Copper  (malachite,  mountain  green,  green  carbonate).  Hiis 
variety  of  copper  ore  occurs  of  various  shades  of  colour  between  green  and 
blue,  crystallizing  in  rhomboidal  prisms  of  a  specific  gravity  of  8*2  to  8"8 ; 
but  more  commonly  in  reniform,  mammillated,  or  botryoidal  masses.  For- 
merly it  was  obtained  almost  exclusively  from  the  Siberian  mines ;  bat  of 
late  years  the  South  Australian  mines  have  produced  very  large  quantities, 
and  the  American  mines  yield  some  good  specimens.  It  is  also  found  m 
Cornwall.  Its  constituents  are  oxide  of  copper,  carbonic  add,  and  water,  in 
slightly  varying  proportions.  The  analysis  of  a  clean  specimen  of  green 
carbonate  gave — 

Oxide  of  copper   .        .        72-20 

Carbo&icacid       .        .        18*50 

Water,  &c.  ..         9-80 

100-00 
This  is  equal  to  a  produce  of  57*7  of  metallic  copper.    The  admixture  of 
earthy  matter  results  in  the  average  produce  falling  considerably  under  this 
for  large  parcels  of  ore.  A  specimen  of  blue  carbonate,  when  analyzed,  gave— 

Oxide  of  copper  .  .  69*08 
Carbonioacid  .  .  25*46 
Water,  Ac.  .  5*46 
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Many  of  the  carbonates  of  this  class  have  an  exceedingly  beantifal 
appearance,  when  cat  and  polished  to  show  the  different  tints  of  the  snc- 
cessive  concentric  rings.  Of  late  years  it  has  been  applied  to  a  large  extent 
to  ornamental  purposes,  for  which  the  large  masses  are  eminently  adapted. 
For  this  purpose  it  has  been  principally  obtained  from  Siberia,  where  masses 
of  half  a  million  pounds  have  been  found.  Most  magnificent  articles  of  virtu 
made  of  it  were  sent  to  the  Great  Exhibition  by  tlie  Kussian  Government. 
It  is  only  since  the  discovery  of  this  mineral  in  large  quantities  in  the 
Australian  mines,  that  it  has  become  a  regular  ai'ticle  of  manufacture  in 
Great  Britain.  Fine  compact  pieces  of  it,  cutting  solid,  fetch  as  much  as  a 
guinea  per  pound. 

Dioptase  copper,  or  emerald  malachite, — a  beautiful  but  rare  ore,  consisting 
of  oxide  of  copper,  carbonate  of  lime,  silica,  and  water,  in  varying  propor- 
tions,— is,  perhaps,  entitled  to  precedence  as  the  most  beautiful  ore  of  copper. 

Anhydrous  Carbonate  of  Copper  (mysorine)  is  a  carbonate  of  a  dark- 
brown  colour,  generally  shaded  with  green  or  red,  and  of  a  conchoidal  frac- 
ture. It  is  a  rare  mineral,  found  only  in  the  province  of  Mysore,  in  India. 
In  addition  to  oxide  of  copper  and  carbonic  acid,  it  contains  peroxide  of  iron 
and  silica,  nearly  in  the  following  proportions : — 


Oxide  of  copper    . 

61'30 

Carbonic  acid 

16-86 

Peroxido  of  iron   . 

19*69 

SiUca  . 

215 

100,000 

Stdphurets  of  Copper. — ^The  sulpliurets  form  the  most  abundant  deposits 
of  this  ore  in  the  Old  World.  They  are  a  numerous  class;  comprising  simple 
and  compound  sulphurets,  and  fonn  the  most  important  metalliurgic  species 
of  the  ore. 

Sulphuret  of  copper  (\dtreous  copper,  kupferglanz)  breaks  wdtli  a  steel- 
gray,  or  grayish  black  metallic  lustre ;  crystallizes  in  rliomboidal  forms  of  a 
specific  gravity  500.  It  is  met  with  in  seversd  localities  in  Cornwall,  Devon- 
shire and  Cumberland,  in  Saxony,  Siberia,  Australia,  and  iVmerica.  Its 
constituents  are  copper  and  sulphur.  In  tlie  ore,  small  quantities  of  iron  and 
varying  proportions  of  silica  occur,  as  is  seen  by  the  following  tabular  state- 
ment of  a  very  rich  specimen : — 

Copper       *.                 .  79-30 

Sulphur  18-96 

Iron     ....  -74 

Saica  ....  I'OO 


100-00 

In  otlier  varieties  of  this  ore,  antimony  plays  a  very  conspicuous  part, 
selected  specimens  yielding  nearly  40  per  cent,  of  this  metal,  with  scarcely  a 
trace  of  iron  and  silica. 

Sulphuret  of  Copper  and  Iron  (yellow  copper  ore,  or  copper  pyrites)  appears 
to  bo  the  most  common  ore  of  copT)er  in  England.    It  is  mined  in  North  and 
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South  America,  tlie  East  and  West  Indies,  China,  Australia,  and  Afiica,  and 
the  majority  of  the  European  States.  The  extensive  copper-mines  of  Gam- 
wall  and  Devon  are  principally  wrought  on  deposits  of  this  ore.  Anglesea, 
in  Wales,  formerly  produced  large  quantities ;  and  Wicklow,  in  Ireland,  Las 
long  been  celebrated  for  its  cupreous  deposits.  Cumberland,  Yorkshire, 
Scotland,  and  a  few  other  localities,  are  found  to  contain  less  profitable 
deposits.  When  pure,  the  fracture  is  brass-yellow,  with  a  metallic  lusbre ;  it 
crystallizes  into  tetrahedra  and  octahedra;  specific  gravity,  4*20.  It  is  a 
compound  sulphuret,  consisting  of  one  atom  of  sulphuret  of  iron  with  one 
atom  of  sulphiiret  of  copper ;  or  decimally  of 

Copper  .        .        34-20 

Iron     ....        30-25 
Sulphur  .        35-65 

10000 

Copi>er  pyrites  dissolves  slowly  in  nitric  acid ;  but  is  readily  soluble  in 
nitro-muriatic,  witli  separation  of  sulphur,  provided  the  operation  has  not 
been  too  long  continued. 

In  other  varieties  of  sulphurets,  tiie  relative  proportions  of  copper,  iron, 
and  sulphiu:  vary  considerably, .  occasionally  producing  very  beautifully 
coloured  ores.  The  peacock-ore,  a  very  handsome  variety,  so  called  from 
presenting  in  its  fracture  the  colours  of  tlie  rainbow,  or  peacock's  tail,  is  fre- 
quentiy  met  with  in  Cornwall.  It  differs  from  the  common  pyrites  in  con- 
taining a  minimum  amount  of  sulphur,  and  larger  percentf^ge  of  copper. 
Tlie  variation  in  tlie  composition  of  different  specimens  may  be  seen  by  the 
following  analysis,  where  No.  I  represents  a  poor,  and  No.  2  a  rich  ore  of 
tiiis  class : — 

No.  1.  No.  2. 

Copper  .        .        ,        S8-2        .        .        69-6 
Iron       .  82-7         .  7-5 

Sulphur         .  29-1        .        .        230 

1000  1000 

Oray  Copper  Ore  is  found  to  a  considerable  extent  in  Cornwall  and  other 
cupreous  districts.  It  is  of  a  steel-gray  colour,  metallic  lustre,  and  crystal- 
lizes in  forms  derived  from  tiie  tetrahedron ;  specific  gravity,  4'80  to  5*20. 
The  analyses  of  two  rich  ores  from  mines  ill  Cornwall  gave : — 


Copper 

47-90 

46-51 

Iron  . 

1410 

9-34 

Arsenic      . 

11-40 

1903 

Sulphur     . 

21-60 

26-42 

Silica 

600 

— 

100  00  100-00 


Other  ores  of  this  class  contain  notable  quantities  of  antimony,  and  lesser 
quantities  of  zinc  and  silver.    This  is  more  especiaUy  the  case  with  those  of 
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Saxoaj,  HiiQgaiy,  Mexico,  Peru,  aud  other  foreiga  distiicts  where  this  ore 
occurs  in  quantity.    The  composition  of  a  Hungarian  ore  was — 


Copper 
Sulphur 

41-22 

27-23 

Antimony    . 

12-63 

Arseaic 

10-20 

Zinc     . 

3-60 

Iron     . 

4-72 

SUver  . 

•40 

10000 

T]ie  other  principal  compounds  of  arsenic  and  copper  may  be  summed 
up  as — 1st.  Ehomboidal  arseniate  of  copper  (Erinite,  kupfergUmmer),  of  an 
emerald-green  colour,  and  specific  gravity  about  4' GO.  Constituents — oxide 
of  copper  59'36,  arsenic  acid  33*84,  water  502,  alumina  1*78  =  100. 
2nd.  Octahedral  arseniate  of  copper  (lens  ore,  broconite),  of  a  blue  colour, 
and  specific  gravity  20  to  3' 3.  It  consists  of  oxide  of  copper  50' 0,  water 
30- 72,  arsenic  acid  14-28  =  100.  3rd.  Prismatic  arseniate  of  copper  (oUve 
ore,  olivenite),  of  a  dull  olive-green  colour;  of  specific  gravity,  500  to  5-20. 
Its  principal  constituents  are,  oxide  of  copper  5100,  arsenic  acid  4500, 
with  minute  quantities  of  phosphates.  The  above  three  varieties  of  areniate 
of  copper  are  found  ia  several  of  the  Gwenap  mines  in  Cornwall,  as  also  in 
other  districts. 

Chromate  of  copper  and  lead  is  a  rare  mineral,  found  in  Siberia ;  and  by 
the  preponderance  of  load,  belongs  properly  to  the  ores  of  that  metal.  Plum- 
bifcrous  gray  copper  ore  also  belongs  to  the  ores  of  lead,  its  composition 
being  nearly  as  follows: — Lead  408,  copper  120,  antimony  263,  sulj^hur 
203  =  100.  The  hydrated  silicate  of  copper  (chrysocolla),  of  a  bluish-green 
colour,  and  specific  gravity  3*2,  consists  of  oxide  of  copper  50,  silica  20,  water 
17,  carbonic  acid  7  =  100.  Stanniferous  copper  ore  (tin  pyrites,  bell-metal 
ore) ,  a  rare  mineral,  is  found  only  in  Cornwall  and  Mexico.  Its  constituents 
are  copper  3033,  tin  26'70,  iron  12*10,  sulphur  30*81.  Bismutliic  sulphuret 
of  copper  is  of  a  dark  gray  colour,  consisting  of  copper  37*10,  bismuth  48- 74, 
sulphur  1 4- 1 6  =  1 00.  Seleniate  of  copper  is  of  a  sUver-white  metallic  lustre, 
consisting  of  nearly  02  per  cent,  of  copper  to  38  of  selenium.  It  has  been 
found  only  in  Sweden,  and  in  the  mines  of  that  country  in  very  limited 
quantities.  Uranium  is  a  constituent  of  several  copper  ores,  found  in  the 
west  of  Cornwall ;  and  careful  analj'sis  demonstrates  the  presence  of  several 
other  rare  minerals. 

The  phosphates  of  copper  are  principally  of  interest  to  tlic  mineralogist; 
the  quantity  mined  in  all  cases  is  too  small  to  render  them  valuable  in  a 
metallurgical  sense.  Very  fine  cabinet  specimens  are  obtained  from  the 
American  mines.  Phosphate  of  copper  is  of  an  emerald  green  colour,  con- 
taining oxide  of  copper  050,  pliosphoric  acid  28*0,  water  70  =  100.  Tlie 
hydrous  phosphate  of  copper  consists  of  copper  63,  phosphoric  acid  22, 
water  ]  5  =  100. 

Cleaning' the  Ores. — This  is  commenced  in  the  mine  by  rejecting  such 
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portions  as  appear  worthless,  and  sending  them  up  separately  &om  the  ore, 
or  stowing  them  awaj  in  any  vacant  place  below.  In  determining  i^e  value 
of  the  stones  broken,  the  miner  trusts  to  his  eye  and  the  apparent  heaTiness 
as  to  their  being  suflBlciently  rich ;  but  frequently  the  whole  of  the  staff  broken 
off  the  lode  is  sent  up  for  dressing.  When  working  on  poor  ground,  how- 
ever, the  nice  discrimination  observed  in  selecting  the  mineroJized  portion 
in  the  imperfect  light  afforded  by  his  candle,  is  acquired  only  by  long  expe- 
rience. Oases  have  occurred  where  valuable  minerals  have  been  thrown 
away  as  worthless ;  as  an  instance,  it  may  be  mentioned  that  in  the  early  tin 
mines  tlie  tinners  were  accustomed  to  throw  away  the  copper  ore,  now  eagerly 
sought  after.  This  has  frequently  been  adduced,  as  showing  the  want  of 
information  among  the  miners  of  liiat  period ;  in  reality,  however,  it  nowise 
affects  his  shrewdness  and  general  chara(jter  for  intelligence.  At  that  j^eriod 
he  was  paid  for  mining  tin  ore,  a  ready  sale  for  which  existed  from  time 
immemorial.  Had  he  dressed  the  copper  ore  and  offered  it  to  tlie  tin-bnyers. 
they  would  not  have  purchased,  and  he  would  have  lost  in  a  pecimiary  sense. 
Wlien  the  advance  of  metallurgical  science  had  pointed  out  its  character, 
and  purchasers  appeared  for  the  apparently  worthless  mineral,  the  miner's 
skill  enabled  him  to  supply  the  demand  which  sprung  up ;  but  it  was  no  part 
of  his  province  to  extract,  at  a  great  cost,  a  mineral  for  which  there  did  not 
appear  to  be  a  sale. 

At  the  surface  the  cleaning  is  recommenced  by  separating  the  larger  stones 
from  the  small  stuff,  for  "  spalling."  This  operation,  which  is  conmionly  done* 
by  men,  consists  in  breaking  the  large  stones  into  pieces  of  two  or  three 
pounds  weight.  The  resulting  broken  mineral  is  divided  into  three  parcels, 
viz.  "best  ore,"  "  poor  ore,"  and  "  attle"  or  worthless  matter,  which  is  dis- 
charged from  the  dressing-floors.  Tlie  *'  best  ore"  of  tliis  operation,  with  the 
smaller  fragments  of  the  pile,  are  "  cobbed  "  by  young  females — a  repetition 
of  the  spalling  process — ^reducing  the  pieces  still  smaller ;  they  are  again 
sorted  into  three  parcels  ;  but  the  best  ore  is  conveyed  direct  to  the  crushing- 
mill,  or  placed  aside  for  that  purpose.  The  poor  ore  of  the  spallers  is  sub- 
jected to  the  cobbing  process,  and  is  similarly  divided.  If  careful  dressing  is 
pursued,  the  poor  ores  of  the  several  cobbers  are  again  sorted  into  the  three 
divisions.  The  ores  of  the  miner,  other  than  the  smallest,  are  thus  reduce<l 
to  two  qualities,  and  a  considerable  portion  of  the  matrix  rejected  in  this 
early  stage.  The  treatment  of  the  two  qualities  of  ore  is  essentiaUy  dif- 
ferent. 

Formerly  tlie  best  ore  was  invariably  crushed  under  flat  hnnd  hammers, 
or  cobbling  hammers,  on  iron  plates  or  old  stampheads,  by  females;  and  in 
mines  producing  but  little  ore,  this  metliod  is  stiU  pursued.  The  cast  ham- 
mer has  a  square  face,  and  weighs  about  4 lbs. ;  with  this  primitive  instru- 
ment the  ore  is  cmshed  so  as  to  pa.^s  through  sieves  of  four  to  sixty-four 
meshes  or  holes  to  the  sqnnre  inch.  If  the  ore  is  of  more  tlian  average  rich- 
nesg,  it  is  broken  to  pass  through  the  fewer  meshes;  if  poor,  to  pass  through 
thclarpjcr  number. 

Cznshiisg-BIills  cr  Gyin£eTs. — Mines  producing  large  quantities  of  cop 
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per  ore  generally  have  a  mill  for  giiuding  them  expeditiously  and  cheaply.  These 
mills  are  a  modem  inventioii,  having  been  introduced  to  the  Cornish  mines 
about  thirty  years  since.  When  properly  constructed ,  and  worked  up  to  their  full 
power,  they  materially  reduce  the  cost  of  dressing  the  ores,  and  allow  of  com- 
paratively poor  ores  being  successfully  prepared  for  market.  They  commonly 
consist  of  a  pair  of  chilled  cast-iron  rollers  of  adamantine  hardness ;  the  one 
about  twenty-four  inches  diameter  and  the  same  in  length,  the  other  some- 
what smaller  and  shorter;  each 
roller  is  mounted  on  a  wrought- 
iron  axle,  which  is  connected  by 
spur-gearing  with  the  crank-shaft 
of  a  steam-engine,  or  some  other 
prime  mover.  The  rollers  re- 
volve in  brass  bearings  in  a 
massive  cast-iron  framing;  the 
small  roller  is  maintained  in  its 
position  against  the  larger  by 
weighted  levers,  which  allow  it 
to  recede  when  any  substance 
harder  than  usual  intervenes 
(Fig.  134).  Commonly  the  roUers 
are  pressed  into  contact  with  a 
force  of  sixty  tons.  Over  the 
roUers  is  constructed  a  suitable 
hopper,  into  which  the  ores  to  be 
ground  are  delivered  from  the 
tram-waggons.  The  ground  ore 
falls  into  a  divisional  hopper,  by 
which  it  is  conveyed  into  one  end 
of  a  cylindrical  riddle,  revolving  rapidly  in  a  diagonal  direction.  Two 
riddles  are  employed  side  by  side,  the  one  with  coarse  and  the  other  with 
fine  meshes ;  by  altering  the  division  in  the  lower  hopper,  either  or  both  of 
the  riddles  may  be  worked. 

The  crushed  ore  passes  through  the  meshes  of  the  riddle,  and  is  collected 
into  a  third  hopper,  whence  it  is  let  oflf,  as  required,  into  tram-waggons.  The 
unreduced  portion  passes  down  the  riddle,  and  is  delivered  into  the  diagonal 

buckets  of  a  large  internal 
wheel,  called  a  raff-wheel, 
constructed  of  wood,  and 
revolving  rapidly,  by  which 
it  is  elevated  above  the 
rollers,  and  again  delivered 
into  the  hopper  for  re-crush- 
ing. 
Tie.  135.-Showing  mode  of  applying  pressure  on  rollers.  A  miU  of  the  dimensions 

here  given,  making  twelve  to  fourteen  revolutions  per  minute,  wiU  grind 


Fig.  134. -Mill  for  grinding  ores. 
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six  to  ten  tons  per  hour,  according  to  the  hardness  of  the  ore  and  the  fineness 
or  roughness  of  the  meshes  in  the  riddle  ;  and  a  steam-engine  of  thirty  to 
thirty-five  horse-power  is  required  to  drive  tlie  mill  efiectively.  The  rubbing 
part  of  the  rollers  is  worn  out  by  the  action  of  three  or  four  weeks'  crushing. 
The  best  ore  is  passed  through  the  coarse  riddle,  and  taken  from  the  crusher 
to  Uie  pile  for  sale.  Poor  ore  id  passed  tlirough  a  riddle  with  small  meshes, 
and  from  the  crushing-mill  is  taken  to  the  dressing-floors,  where  it  undergoes 
a  succession  of  operations,  in  order  to  partially  free  it  from  extraneous 
matter,  thereby  increasing  the  average  percentage  of  metallic  copper  beibre 
offering  it  for  sale. 

The  first  of  these  operations  is  technically  known  as  "jigging"  the  ore  in 
a  cistern  of  water.  Formerly  this  was  universally  done  by  filling  a  quantity 
of  ore  into  a  copper-bottom  sieve,  and  then  taking  it  by  the  handles,  plunging 
it  into  the  cistern,  giving  it  a  jerking,  and  at  the  same  time  a  semi-rotatoi^^ 
motion.  The  act  of  forcing  it  quickly  into  the  water,  causes  a  momentary- 
suspension  of  the  lighter  pieces ;  after  a  few  repetitions  of  the  process,  these 
are  found  ranged  at  the  top,  while  the  largest  fragments  of  ore  sink  to  the 
bottom  of  the  sieve,  nearly  in  the  order  of  their  specific  gravities.  A  thin 
stratum  is  now  scraped  off  the  top  and  thrown  aside,  a  fresh  quantity  of  ore 
added  to  that  already  in  the  sieve,  and  the  process  repeated.  The  process  is 
continued  until  the  contents  of  tlie  sieve  consist  almost  exclusively  of  ore  of 
average  richness,  when  it  is  delivered  to  "  pile."  In  the  bottom  of  the  cistern 
there  wiU  have  been  collected  the  fine  particles  of  ore  which  passed  through  the 
meshes  of  the  sieve :  the  water  is  drained  off,  and  this  is  also  carried  to  "  pile." 
The  very  finest  ore  held  in  suspension  by  the  water  is  collected  and  cleaned. 

The  hand  process  of  jigging  is  applicable  only  to  small  quantities  of  ore ; 
when  large  quantities  ai'e  to  be  washed,  machinery  driven  by  steam  Or  water- 
power  is  substituted  for  the  hand  sieve ;  and  the  manual  labour  employed  is 
confined  to  filling  and  skimming.  Machine-wrought  jiggers  work  on  the 
same  principle  as  the  hand  apparatus.  The  wooden  cisterns  are  larger,  being 
C  feet  long,  4  feet  wide,  and  the  same  in  depth,  arranged  endwise  along  a 
narrow  shed.  At  each  end  is  a  wooden  frtimework  6  feet  high,  supporting  a 
wooden  frame  lever,  the  short  forked  end  of  which  projects  over  the  cistern, 
and  is  connected  by  iron  suspension  straps  to  a  square  sieve.  To  the  other 
and  longer  end,  the  common  proportions  of  which  range  from  18  inches  to 
I]  feet,  an  iron  rod  is  attached  in  connection  with  a  small  crank  on  the  body 
of  a  longitudinal  shaft,  which  is  driven  at  a  quick  speed.  A  second  lever, 
with  a  rod  reaching  to  the  attendant,  serves  to  lift  the  sieve  through  the 
slotted  suspension  straps  whenever  a  cessation  of  the  motion  is  required.  The 
sieves  measure  4  feet  by  2  feet  wide,  and  9  inches  deep,  strengthened  by  iron 
bands  and  numerous  laths  across  the  bottom  to  support  the  wire-work.  Iron 
sieves  are  rarely  admissible,  owing  to  the  destructive  action  of  the  mineralized 
water;  and  brass  lasts  a  shorter  p«iod  than  might  be  imagined.  The  size 
of  the  inesh  is  regulated  by  the  mesh  of  the  revolving  riddle  of  the  crushing 
mill ;  if  tiie  latter  is  four  to  the  inch  lineal,  the  sieve  will  contain  five  or  six. 
An  end  view  of  a  jigging  apparatus  is  given  in  Fig.  1 36. 
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Fig.  136.— Ore- washing  apparatus. 


The  ore  carried  away  by  the  water  is  partly  collected  by  passing  the 
onrrent  to  a  circular  buddle.  At  first  it  passes  into  a  wooden  cistern,  in 
which  reyolves  a  short  cylindrical  block,  having  on  its  periphery  a  number 
of  stout  projecting 
spokes.  Li  its 
revolutions  the 
spiked  cylinder 
agitates  the  liquid, 
which  escapes  by 
a  short  trough 
into  a  second  cis- 
tern containing  a 
similar  revolving 
block,  armed  with 
a  number  of  pro- 
jecting paddles. 
This  apparatus 
still  further  agi- 
tates the  passing 
mixture.  From 
the  second  cistern 

it  flows  by  a  short  trough  into  the  upper  end  of  a  cylindrical  riddle, 
revolving  in  an  inclined  direction,  and  discharging  at  the  lower  end,  into 

a  suitable  receptacle,  any 
pebbly  matter.  The  fine 
particles  fall  into  the  cis- 
tern under  the  riddle,  and 
are  conveyed  by  the  cur- 
rent to  the  centre  of  the 
buddle.  A  plan  view  of 
the  cylinders  and  riddles, 
showing  also  the  mode  of 
driving  them  by  bevel  gear- 
ing, is  given  in  Fig.  137. 

The  construction  of  the 
buddle  is  illustrated  by  Fig. 
138,  which  is  a  vertical  sec- 
tion. It  consists  of  an  ex- 
cavation from  eighteen  to  twenty-four  feet  diameter,  and  two  or  three  feet  deep, 
with  a  floor  rising  eight  or  nine  inches  to  the  centre,  where  there  is  fixed  a 
conical  wooden  block.  A  vertical  spindle  carrying  a  funnel-shaped  hopper, 
with  two  projecting  arms,  rests  on  the  centre  block,  and  is  driven  by  bevel 
gearing  at  the  top.  To  each  of  the  projecting  arms  is  attached,  by  cords 
running  over  pulleys,  a  board,  fitted  on  the  lower  face  through  its  lengtli 
with  a  brush.  The  weight  of  the  board  is  balanced  to  an  extent  by  small 
blocks  attached  to  the  suspending  cords.    On  one  side  of  the  excavation  is  a 


Fig.  137.— Ore-washing  apparatus. 
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small  sluice-gate,  through  which  the  water  is  permitted  to  escape  as  the  ex- 
cavation fills  with  matter.  The  ore  and  water  enter  through  the  fiumel«  and 
striking  against  the  apex  of  the 
conical  block,  are  distributed  ra- 
dially over  the  bottom.  Motion 
being  communicated  to  the  centre 
spindle,  the  hanging  boards  and 

bruslies  are  drawn  lightly  over 

the  surface  of  the  accumulating    '^^iJJIIJBf^^'^^IIEi'lliill^^  ' 

ore.  By  attention  to  the  balanc- 
ing weights  attached  to  the  cords, 
the  pressure  i^ith  which  the 
brushes  press  on  the  mass,  dujs  ^' 

ing  their  passage,  may  be  regulated  to  the  requirements  of  the  ore.  The 
value  of  the  deposit  in  the  excavation  is  determined  in  the  same  manner  as 
with  the  simplest  kiad  of  huddle ;  namely,  the  richest  portions  at  the  head  or 
centre,  near  the  entrance  of  the  liquid,  gradually  fUminiBliing  in  value  to  the 
edge  of  the  pit,  where  a  broad  ring  of  '*  tailings,**  or  worthless  matter,  is 
taken  out.  The  central  portion  is  carefully  taken  out  as  clean  ore,  while  the 
portion  between  this  and  the  tailings  ia  subjected  to  a  repetition  of  the 
agitating  and  huddling  process. 

The  water  from  the  huddle  holds  in  mixture  a  quantity  of  fine  ore,  which 
separates,  to  a  great  extent,  by  allowing  the  water  to  remain  for  a  period  in 
large  pits ;  it  is  tben  drained  off,  and  the  sediment  deposited  on  the  bottom 
removed  to  undergo  a  cleansing  process.  This  may  consist  of  a  revolving 
"  trunkLng"  apparatus.  A  revolving  spindle  carries  two  broad  paddles ;  these 
work  in  a  small  cistern,  into  which  the  fine  ore  is  placed,  and  a  stream  of 
water  enters.  In  front  of  the  small  dstem  is  a  longer  cistern,  of  the  same 
width,  but  slightly  declining  to  the  outlet.  With  each  revolution  of  the 
paddles,  a  small  quantity  of  the  mixture  passes  into  the  long  cistern,  and 
flowing  slowly  over  the  smooth  surface,  the  solid  matter  suspended  in  the 
water  is  again  deposited ;  but  this  time  in  bands  of  varying  richness^  the 
heaviest  and  most  valuable  particles  being  at  the  upper  end.  A  portion  of 
the  remainder  is  placed  aside  for  re-operating  on ;  but  the  extreme  portion  is 
not  of  much  value,  ii'  the  operation  has  been  carefully  conducted. 

Mention  must  be  made  of  the  ore  rejected  as  too  small  by  spaBers  and 
cobbers ;  it  is  picked  over,  and  the  richest  pieces  passed  to  the  best-ore  heap. 
The  remainder  is  subjected  to  a  riddle  with  inch  meshes,  and  again  through 
one  with  half-inch  meshes.  The  large  from  both  these  processes  is  picked 
over,  and,  along  with  the  small,  subjected  to  dressing  operations  similar  to 
those  already  described. 

In  addition  to  the  returns  from  the  ores  obtained,  some  of  the  mines 
yield  considerable  quantities  of  precipitated  copper  from  the  cupreous  waters. 
The  prevailing  ore  being  the  sulphuret  of  iron  and  copper,  a  portion  of  the 
metal  is  dissolved  by  the  sulphuric  acid,  and  held  in  solution.  The  action 
of  this  acid  water  on  Uie  iron-work  of  the  pumps,  as  well  as  on  the  engine- 
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boilers,  is  most  energetic,  destroying  annually  several  thonsand  pounds'  worth 
of  boilers  alone.  By  allowing  it  to  flow  into  cisterns  or  hutches  to  deposit 
the  muddy  matters  in  suspension,  and  then  into  other  cisterns  containing 
scrap-iron  resting  on  suitable  wooden  supports,  a  quantity  of  impure  copper 
is  deposited  at  the  expense  of  the  iron.  Theoretically,  a  ton  of  iron  should 
be  more  than  sufficient  to  precipitate  a  ton  of  copper ;  but  in  practice  the 
consumption  varies  from  four  or  five  to  nearly  twenty  of  scrap  to  one  of 
copper.  The  cause  of  the  action  on  iron-work,  though  explained  on  chemical 
grounds,  seems,  in  many  instances,  to  arise  from  the  presence  or  absence  of 
some  alloy  with  the  iron.  Steam-boiler  plates  are  fr-equentiy  attacked,  ap- 
parenUy  in  a  veiy  capricious  manner;  small  portions  are  dissolved,  while 
the  acyoioing  part  continues  nearly  unacted  on. 

Sale  of  tlie  C[opp«x  Ovm. — ^In  the  iron  manufacture,  the  mining  and  rais- 
ing the  ores,  fuels,  and  fluxes,  which  are  usually  found  in  dose  proximity  to 
each  other,  and  the  operations  of  smelting,  refining,  and  conversion  into 
malleable  iron,  are  generally  combined  in  one  firm,  whose  returns  are  derived 
from  the  sale  of  the  finished  iron.  Copper-mining  is  a  branch  of  industry 
quite  distinct  from  copper-smelting;  and  though,  in  a  few  instances,  smelters 
have  a  personal  interest  in  mines,  as  a  rule,  the  mine-proprietor's  interest 
in  the  ore  ceases  at  the  mine.  The  copper  ores  having  been  as  completely 
dressed  as  local  circumstances  will  allow,  they  are  conveyed  to  the  neigh- 
bourhood of  Swansea  for  smelting,  where  the  fuel  is  obtained  at  a  compara- 
tively cheap  rate. 

The  final  operation  on  the  ore  at  the  mine  consists  in  sorting  the  quantity 
raised  into  piles  of  different  degrees  of  richness,  if  the  quantity  is  consider- 
able, weighing  each  lot  previous  to  depositing  it  on  the  floor,  and  appending 
a  wooden  ticket  of  the  weight.  It  is  now  sold  by  tender  to  the  highest 
bidder  among  the  smelters.  The  value  rises  and  falls  according  to  the  price 
of  copper,  and  according  to  the  percentage  of  copper  in  the  ore.  To  ascer- 
tain nearly  the  current  value,  a  portion  of  the  ore  well  mixed  is  taken  as  a 
fair  sample  of  the  contents  of  the  pile,  crushed  fine  in  a  mortar,  and  sub- 
mitted to  a  crucible  assay  in  a  wind-furnace  along  with  the  requisite  fluxes. 
The  assayer  of  each  smelting  establishment  is  supplied  with  a  portion  of  the 
general  sample,  and  the  assay  is  perfonned  for  the  guidance  of  his  em- 
ployers. From  this  assay  an  approximate  estimate  is  formed  of  the  per- 
centage of  metallic  copper  in  the  lot  for  sale,  and  consequentiy  of  the  value 
of  the  ore  with  copper  at  a  stated  price.  Assuming  copper  to  be  worth  £\  20 
per  ton  of  20  cwts.,  and  the  ore  to  contain  by  assay  b  per  cent,  of  metaUio 
copper  (an  average  yield  for  some  British  ores),  the  smelter  estimates  that  it 
will  require  12*5  tons  to  produce  a  ton  of  copper,  and  accordingly  ofiers  at 
the  rate  of  £9  12«.  per  ton,  less  the  cost  of  converting  the  ore  into  metal,  and 
smelter's  profit.  This  deduction  goes  imder  the  name  of  "  returning  charges," 
and  comprises  all  expenses  which  the  smelter  incurs  from  securing  the  ore 
from  the  miner  to  the  completion  of  the  smelting  process.  The  sum  deducted 
for  ores  in  Cornwall  is  £2  15«.;  for  those  at  Swansea  sales,  £2  6$.  per  ton. 
This  gives  the  miner  £Q  17«.  per  ton  for  his  ore;   but,  through  a  long- 
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established  rule,  he  sells  to  the  smelter  21  cwts.  for  a  ton,  giving  the  latter  a 
bonus  of  five  per  cent. ;  thus  reducing  the  miner's  share  to  £^  lOs.  M.  the 
legal  ton.  Under  such  circumstances,  the  proportion  going  to  the  miner  is 
£S1  16«.  3^.,  and  to  the  smelter  £SS  3s.  9d.,  for  the  ton  of  copper  at  jei20. 
In  reality,  however,  the  smelter's  share  is  much  larger,  the  assay  falling 
considerably  under  the  yield  in  the  large  way,  as  is  demonstrated  by  accu- 
rate chemical  analysis. 

When  the  produce  is  large,  as  in  the  case  of  several  of  the  Cnban  and 
Australian  ores,  a  somewhat  arbitrary  system  of  fixing  the  price  is  adopted. 
The  £2  68.  returning  charge  is  augmented  to  £20  or  £2b  in  vexy  rich  ores. 
For  instance,  a  parcel  of  Cuban  ore  at  Swansea,  of  63  per  cent,  prodace  by 
assay,  brings  only  £63  IB«.,  though  copper  is  selling  at  ^126.  In  this  case 
the  miner  is  paid  j£100  18#.  6^.,  and  the  smelter  receives  £23  U.  M.,  or 
<£14  lOs.  per  ton  of  ore  for  returning  charges.  This  inequality  is  met  by 
paying  for  vexy  poor  ores  a  price  greater  than  their  percentage  and  trade 
nsage  seem  to  warrant.  With  copper  at  a  similar  price,  ores  containing  5' 75 
per  cent,  brought  £6  Is.  per  ton  of  20  cwts.,  or  £S7  lbs.  per  ton  of  copper, 
leaving  jB38  bs.  or  £2  4s.  per  ton  of  ore  for  returning  charges.  Thus,  what- 
ever be  the  percentage  of  copper  in  the  ore,  the  returning  charges  are 
modified  so  as  to  give  the  smelter  a  sum  of  nearly  ^£40  for  each  ton  of 
copper  as  his  share  of  the  proceeds. 

The  system  of  submitting  the  ores  for  sale  by  tender,  seems  equitable, 
and  calculated  to  give  the  miner  the  real  value  of  his  ores ;  but  the  competi- 
tion is  limited  to  too  small  a  number  completely  to  ensure  this  desideratum. 
The  smelting  of  the  ores  is  performed  by  about  twelve  firms ;  but  the  control 
of  the  trade,  the  regulation  of  prices  and  wages,  and  the  prosperity  of  the 
miner  generally,  are  in  tlie  hands  of  three  firms,  who  collectively  purchase 
more  than  a  half  of  the  total  quantity  of  ores  sold  in  Cornwall  and  Wales ; 
while  the  purchases  of  six  of  the  remaining  nine  firms  do  not  amount  to 
more  than  one  of  the  larger  ones.  In  consequence  of  this  concentration  of 
the  trade  in  the  hands  of  three  private  firms,  the  competition  system,  so  far 
from  afibrding  the  miner  the  value  of  his  ores,  is  altogether  illusory.  A  con- 
sideration of  the  conflicting  interests  of  miner  and  smelter  is,  however,  foreign 
to  the  objects  of  this  work ;  although  it  may  be  permitted  us  to  remark,  that 
the  baneful  effects  of  a  63rstem  which  places  such  unlimited  power  in  their 
hands,  is  only  too  apparent  in  the  paucity  of  inventions  emanating  from  the 
smelting  interests. 

The  rapid  increase  in  the  quantity  of  copper  ore  mixed  in  Cornwall  and 
Devon,  since  the  beginning  of  the  last  century,  is  well  exemplified  in  the 
following  abridgment  of  statistics  from  the  Mining  Journal: — 
Year.  Tons  of  copper  ore. 


11  o^ 

1768 

23,684 

1800 

55,981 

1820 

91,473 

1840 

147,266 

1865 

188,696 
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For  1856,  the  returns  are  209,305  tons  of  ore  for  Cornwall  and  Devon, 
realizing  ^1,283,639,  or  an  average  price  of  £6  2s,  Qd,  long  weight.  I>iuing 
the  same  period,  the  ore  sold  in  Wales  amounted  to  46,481  tons,  realizing 
£698,413,  or  an  average  price  of  £lb  Os.  Qd.  The  estimated  quantity  of  fine 
copper  in  the  255,786  tons  of  ore  was  19,745  ions. 

The  ore  from  the  Cornwall  district  is  the  produce  of  more  than  140  mines — 
110  of  which  raise  more  than  200  tons  annually.  One  mine  produces  nearly 
30,000  tons;  one,  10,000;  three,  8000;  four  over  5000;  fifteen  over  3000  tons; 
the  remaining  eighty-six,  smaller  quantities.  The  ores  sold  at  Swansea  are 
composed,  the  one-half  of  the  produce  of  Cuhan  mines,  the  other  half  of  Spanish, 
Australian,  French,  African,  Irish.  Welsh,  and  South  American  mines. 

Copper  Smelting. — The  extraction  of  copper  in  tlie  metallic  state  from 
its  ores,  is  ejQTected  principally  in  the  neighbourhood  of  Swansea,  in  South 
Wales.  This  locality  is  admirably  adapted  for  the  purpose,  on  account  of 
the  ready  accessibility  of  the  port  for  ships  from  all  quarters ;  on  accoimt  of 
the  abundance  of  coals  in  the  neighbourhood ;  as  well  as  of  all  the  other 
materials  necessaiy  for  the  smelting  operations.  The  abundance  of  coals  is 
of  advantage,  not  merely  for  saving  of  cost  of  fiiel  at  tlie  furnaces,  but  also 
on  account  of  the  reduced  cost  of  freight  of  ores  from  Devon  and  Cornwall, 
arising  from  ships  ha^dng  back-fr*eights  ready,  for  coals  to  the  mines  fr'om 
which  the  ores  were  obtained.  By  far  the  greater  number  of  the  smelting- 
works  in  Great  Britain  are  congregated  within  a  few  miles  of  Swansea.  The 
supplies  of  ores  are  obtained  from  Devon,  Cornwall,  Anglesea,  the  Isle  of 
Man,  Ireland,  Jamaica,  Cuba,  Chili,  Peru,  New  Zealand,  the  Cape  of  Good 
Hope,  and  Australia. 

The  greater  -portion  of  the  ores  imported  into  Swansea  are  sulphurets  of 
copper,  metallic  copper,  oxides,  carbonates,  phosphates,  silicates,  arseniates, 
associated  with  minerals  of  iron,  arsenic,  antimony,  silver,  lead,  zinc,  and 
tin,  as  well  as  with  tlie  earthy  minerals  of  lime,  magnesia,  silica,  alumina, 
baryta,  and  strontia.  With  the  ores  are  also  required,  as  fluxes,  lime,  silica, 
clay,  and  fluor  spar.  Most  of  these  are  obtained  from  tlie  immediate  neigh- 
bourhood, but  the  fluor  spar  is  procured  principally  from  the  Tamar  Mines. 

Successful  economical  management  of  smelting  operations  is  dependent 
principally  on  the  due  assortment  of  the  ores  for  the  various  operations  in- 
volved in  the  preparation  of  them,  and  for  the  final  production  of  metallic 
copper.  These  operations  are  ten  in  number ;  and  for  them  the  crude  ores 
are  assorted  into  five  classes,  viz. : — 

1st.  Such  ores  as  contain  three  to  sixteen  per  cent,  of  copper  combined 
with  sulphur,  and  with  iron  also  mineralized  with  sulphur,  forming  iron 
P3rrites  and  arsenic  associated  with  quartz  and  other  siliceous  and  earthy 
minerals. 

2nd.  Ores  of  similar  constitution,  but  containing  from  fifteen  to  twenty- 
five  per  cent,  of  copper. 

3rd.  Sulphurets  of  copper,  with  less  of  tlie  sulphurets  of  iron,  containing 
fifteen  to  twenty  per  cent,  of  copper,  a  portion  of  which  is  in  the  state  of 
oxide,  principally  associated  with  siliceous  minerals. 
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4ih.  Priucipaliy  oxides  and  carbonates  of  copper  with  some  of  the  sol- 
phurets  of  copper,  containing  from  twenty  to  thirty  per  cent,  of  pure  metal; 
the  associate  minerals  being  principally  siliceous. 

5th.  Bich  oxides  of  copper,  free  from  sulphur  and  arsenic,  or  other  metals 
which  can  have  an  injurious  effect  on  the  metal,  obtainable  from  these  ores, 
which  contain  from  sixty  to  eighty  per  cent,  of  copper ;  the  accompanying 
minerals  being  chietly  quartzose.  They  are  obtained  principally  from 
Australia  and  ChiH. 

The  ten  operations  involved  in  the  treatment  of  these  ores  are  as  follow : — 

1.  Hoastiug  or  calcining  ores  of  the  first  and  second  class,  for  the  separa- 
tion of  such  of  the  constituents  as  are  capable  of  being  volatilized  by  the 
action  of  heat — such  as  sulphur,  arsenic,  zinc,  antimony,  &o. 

2.  Fusion  of  the  calcined  product  of  the  first  operation  with  minerals  of 
the  second  class  not  previously  calcined.  This  operation  is  termed,  melting 
for  coarse  metal. 

3.  Boasting  of  coarse  metal. 

4.  Melting  for  white  metal.  In  this  operation,  the  coarse  metal  is  fused 
together  with  ores  of  ike  fourth  class. 

6.  Melting  for  blue  metal.  The  calcined  coarse  metal  is  fused  with 
roasted  ores  rather  rich  in  copper. 

6.  Bemelting  of  slags  from  Operations  4,  7,  and  8. 

7.  Boasting  of  white  metal  for  the  production  of  white  metal  of  superior 
quality. 

8.  Boasting  for  regule. 

9.  Preparation  of  crude  copper  by  roasting  and  fusion  of  regule. 

10.  Befining  and  toughening  of  crude  copper,  producing  fine  metaL 

For  the  purpose  of  showing  clearly  the  character  and  objects  of  these  ten 
operations,  considered  in  detail,  the  following  statement  of  analyses  of  tha 
constitution  of  the  more  common  ores  is  necessary : — 

Copper  Antimony  Sulphur 

Iron  Zinc  Alumina 

Arsenic  Lead  Silica 

The  separation  of  the  copper  in  a  state  of  purity  is,  of  course,  the  object 
of  all  the  operations  just  enumerated.  As  a  simple  chemical  question,  it  can 
be  comparatively  easily  done  on  the  scale  of  ordinary  laboratory  operations ; 
but  for  practical  purposes,  the  same  means  cannot  be  adopted,  principally 
on  account  of  the  too  great  cost  of  tlie  agents  required,  but  also  because  of 
the  too  great  nicety  of  process  for  the  ordinary  labour  employed  in  such 
extensive  opei*atioiis. 

The  First  Operation  has  for  its  object  the  separation  of  all  the  substances 
capable  of  being  volatilized  by  heat.  This  is  efi'ected  by  exposing  the  ore, 
in  a  roughly-pulverized  condition,  to  the  conjoint  action  of  heat  and  of  the 
atmosphere  in  a  reverberatory  furnace,  shown  in  plan  and  section  in  Figs. 
139  and  140. 

The  furnace  consists  essentially  of  a  fire-place  for  the  production  of  the 
heat,  and  of  the  sole,  or  laboratory,  on  which  the  crude  ore  is  subjected  to 
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its  action.  They  are  divided  from  each  other  by  the  bridge,  which  is  so  con- 
structed as  to  admit  heated  air  to  the  gases  produced  in  the  fire-place,  which, 
for  the  regular  distribution  of  the  heat  over  the  whole  of  the  sole  of  the  fur- 
nace, requires  to  be  ignited,  not  within  tho  fire-place,  but  at  the  back  of  the 
bridge,  so  entering  into  full  combustion,  and  producing  streams  of  flame  over 
the  whole  surface  of  the  sole.  As  the  production  of  an  oxidating  flame  should 
be  the  object  in  this  furnace,  the  proper  arrangement  of  the  bridge  for 
controlling  the  admission  of  air  is  of  the  greatest  importance.  The  regu- 
lar distribution  of 
the  heat  over  the 
whole  of  the  fur- 
nace is  effected 
by  having  the 
arch  three  feet 
high  over  'the 
bridge,  gradually 
diminishing  to 
one  foot  over  the 
back  bridge.  The 
sole,  or   labora- 


Fig.  139. 

tory  of  the  fomace,  is  usually  from  sixteen  to  twenty-four  feet  square,  having 
two  doors  on  each  side,  through  which  the  workman  rakes  over,  or  rabbles, 

the  charge  of  ore  at  in- 
tervals of  one  and  a  half 
to  two  hours,  so  as  to 
expose  fresh  surfaces  to 
the  action  of  the  heated 
air  passing  over  it.  The 
charge  is  introduced 
through  hoppers  fixed 
in  the  arch  of  the  fur- 
nace ;  and  when  the  cal- 
cination is  completed,  it 
is  dra^vn  through  holes 
in  the  bed  or  sole  of  the 
furnace  into  an  arched 
recess  below.  The  bed 
of  the  furnace  may,  with 
advantage,  be  extended 
Pi»- 1^0'  to  sixty  feet  by  sixteen 

feet,  being  divided  into  four  different  parts,  each  three  inches  higher  than 
the  other.  The  consumption  of  coals  in  this  operation  need  be  but  very 
small,  as  when  the  ore  is  first  introduced,  the  assistance  of  heated  air  alone 
is  sufficient  to  maintain  the  combustion  of  the  sulphur  of  the  ore,  the  heat 
from  which  causes  tlie  evolution  of  arsenious  acid  from  the  ansenic.  The 
gradual  increase  of  heat  in  the  charge  is  very  necessary  to  be  provided  for, 
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as  mth  too  much  heat  the  charge,  while  still  holding  much  sulphur  and 
arsenic  in  combination,  is  very  liable  to  be  fused ;  and  in  tliis  condition  the    J 
evolution  of  tlie  sulphur  and  arsenic  is  very  much  impeded,  as  is  also  the    j 
oxidation  of  the  other  metals  present.  When  tlie  charge  is  drawn,  it  still  con>    j 
tains  some  sulphurcts  and  some  sulphates ;  most  of  the  sulphur,  arsenic,  anti>    | 
mony,  and  zinc,  will  have  been  evolved ;  the  copper  and  the  iron  not  remain-    ' 
ing  in  combination  with  sulphur,  will  have  been  converted  into  oxides  ;  and    \ 
the  siliceous  or  eartliy  matters  will  remain  unchanged.    Unless  a  very  large 
quantity  of  arsenic  and  other  volatile  metals  shall  have  been  driven  off,  the 
charge,  when  di*a^vn,  will  not  differ  much  in  weight  from  the  charge  put  into 
the  furnace,  as  the  sulphur  evolved  ^vill  have  been,  to  a  considerable  extent, 
replaced  by  tlie  oxygen  of  the  air,  which  will  have  combined  with  the  other 
metals,  producmg  oxides.   The  volatile  products  pass  off  into  the  flues,  where 
a  portion  is  deposited ;  but  tlie  remainder,  consisting  principally  of  sulphurous 
and  sulphuric  acids,  togetlier  witli  the  carbonic  acid,  water,  and' nitrogen,  the 
products  of  the  combustion  of  the  fuel,  are  diffused  from  the  top  of  the  chim- 
ney through  the  surrounding  atmosphere ;  producing  such  effects  on  the 
adjacent  vegetation,  as  prevent  strangers  from  agreeing  with  the  belief  of 
natives,  that  copper-smoke  is  not  inconsistent  witihi  human  longevity.    The 
frosted  appearance  of  the  glass  in  tlie  windows  of  houses  accessible  to  copper 
smoke,  indicates  the  presence  also  of  fluoric  acid  in  the  smoke,  which,  acting    i 
on  the  silica  of  the  glass,  affects  its  ti*anaparency.    It  has  been  estimated    ! 
that  in  South  Wales  alone  about  50,000  tons  of  sulphur  are  annually  dissi-    j 
pated  in  the  atmosphere,  in  the  form  of  sulphurous  and  sulphuiic  acids.  | 

By  the  adoption  of  means  to  bo  hereafter  noticed,  a  very  large  proportion    j 
of  tliis  sulphur  might  be  rendered  available,  in  the  form  of  sulphuric  acid,  for    J 
the  numerous  manufacturing  purposes  for  which  this  important  chemical  agent    | 
is  required ;  and  tlius,  while  a  valuable  product  is  obtained,  tlie  deleterious 
effects  on  the  surrounding  country  might  be  confined  to  a  much  more  limited    i 
extent.     In  certain  conditions  of  the  atmosphere,  the  copper  smoke  falls    ! 
heavily  over  the  neighbourhood,  extending  for  three  or  four  miles  from    I 
the  works ;  and  the  fog  produced  by  it  is  so  dense  as  almost  to  render  the 
roads  impassable.    In  order  to  avoid  the  effects  of  this  smoke  in  one  x)lace,  a 
chimney  has  been  built  up  over  the  side  of  a  mountain,  sufficiently  large  to    ' 
drive  a  coach  through.    Attempts  have  been  made  to  condense  it  completely 
witli  tlie  aid  of  water  falling  in  showers  through  tlie  flues ;  but  as  yet  the 
coke  towers,  successfully  used  in  the  soda  manufactories  for  tlie  condensation 
of  muriatic  acid  vapour,  have  not  been  fairly  tried,  altliough  equal  success 
might  be  anticipated. 

The  reverberatory  furnace  may  be  built  of  copper  slag  blocks,  cast  in 
moulds  eighteen  inches  by  nine  inches,  faced  iutemally  with  fire-brick,  and 
externally  witli  firebrick  or  common  brick;  the  whole  laid  with  fire-clay; 
the  fronts  and  sides  covered  witli  plates  of  cast-iron,  suitably  bound  together 
with  cast  iron  studs  and  wronght-iron  braces.  The  products  of  combustion 
pass  off  over  tlie  back  bridge  into  a  descending- flue,  on  into  underground 
flues,  communicating  with  the  main-shaft  or  chimney. 
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A  still  further  economy  of  fael  than  that  already  indicated  may  be  effected 
by  constructing  the  back  beds  of  the  furnace  of  plates  of  cast-iron,  causing 
the  heated  air  and  gases  to  circulate  in  flues  below  the  plates  before 
finally  passing  away  through  the  descending-flue.  The  cast-iron  soles  are 
more  durable  than  the  fire-brick  usually  employed ;  and  the  labour  for  rab- 
bling or  turning  over  the  charges  may  be  applied  with  much  greater  effect. 
Lengthened  experience  has  shown  that  the  cast-iron  plates  are  not  affected 
by  the  united  action  of  heat  and  sulphur,  as  might  have  been  anticipated. 
On  this  head,  see  farther  the  article  on  Tin  Smelting. 

Second  Operation, — The  reverberatory  fiimace  employed  in  this  operation 
is  about  one-third  of  the  capacity  of  that  employed  for  calcining  the  raw  ore, 
supposing  it  to  be  a  single  furnace.  Its  construction  is  shown  in  Figs.  141 
and  142.  It  is  constructed  also  of  the  same  materials ;  but  as  -a  very  much 
greater  heat  is  produced  Avdthin  it,  much  more  care  is  necessaiy  in  its  con- 
struction. It  is  charged  through  the  hopper  with  about  20  cwt.  of  material, 
consisting  of  calcined  ore  from  the  first  operation,  a  small 
proportion  of  crude  ore,  a  small  quantity  of  fluor  spar  as  a 
flux,  some  of  the  scoria  of  the  same  operation,  and  fusible 
scoria  from  the  fourth,  fiftli,  and  seventh  operations.  The 
ore  and  flux  having  been  introduced  through  the  hopper,  the 
workman  rapidly  spreads  tlie  charge  over  the 
bed  of  the  furnace, 


scoria,  evenly  distributing  it  over  the 

]  surface  of  the  ore.  The  fiu-nace  door 
is  carefully  closed  up,  and  for  three 
and  a  half  hours  the  fire  is  steadily 
raised,  the  charge  being  left  undisturbed.  Within  half  an.  hour  after  the 
closing  of  the  furnace,  the  fusion  of  the  scoria  commences;  it  flows  down,  and 
carries  the  heat  rapidly  through  the  charge,  which  immediately  begins  to 
give  off  sulphurous  and  other  gases,  causing  an  ebullition  of  the  liquid  scoria; 
a  rapid  reaction  is  produced  between  the  earthy  and  metallic  constituents, 
the  iron  and  silica  entering  into  combination,  and  with  the  assistance  of  lime 
of  the  fluor  spar,  forming  with  the  alumina  present  a  very  liquid  scoria, 
through  which  the  heavier  fused  sulphuret  of  copper  falls  to  tlie  bottom, 
where,  firom  the  pecuUar  hollow  form  of  the  bed,  it  is  all  brought  together. 
At  the  end  of  tliree  and  a  half  hours  the  furnace  door  is  opened,  the  fumace- 
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man  clears  off  with  his  rake  the  unfdsed  poiidons  remaining  around  the  sides 
of  the  furnace,  taming  them  into  the  liquid  mass,  which  acts  rapidly  on  them, 
reducing  them  also  to  the  liquid  condition.  The  door  is  again  dosed  and 
the  fire  urged  on  to  greater  intensity.  At  the  end  of  another  quarter  of  an 
hour  the  furnace  is  carefully  tapped  at  the  bottom  of  the  basin,  so  as  to  allow 
the  liquid  mass  to  run  off  into  an  iron  cylinder  immersed  in  water.  In  this 
manner  the  mass  is  granulated  and  brought  into  a  suitable  form  for  the  next 
operation.    While  tiie  liquid  moss  is  still  running  off,  the  furnace  door 


is  opened,  ami  tlio  liquid  scor; 
raked  off  into  moulds,  formt 
by  digf^p  oblong  cavities 
sand ;  or  it  is  sometimes  cast, 
if  sufficiently  clear  of  copper, 
in  cast-iron  moulds,  forming  i 
blocks  suitable  for  a  variety  of  \ 
biiiltling  purposes.  As  soon  as  ; 
the  charge  is  drawn,  the  fur-  i 
nace  is  recharged  and  the  work  ■ 
continued  as  before  ;  so  that  in  j 
twenty-four!)  *liarges 

are  passed  through  the  fur-  pig,  142. 

nace.    It  is  evident  that  ores 

containing  fluor  spar  are  more  valuable  than  those  which  contain  silica  alone ; 
as  not  only  do  they  not  contain  so  much  ^ca  to  be  removed,  but  they  also 
provide  a  flux  for  other  ores  which  are  siliceous.  It  is  evident,  therefore,  that 
much  judgment  is  requisite  for  the  due  assortment  of  the  ores  for  this  process. 
The  object  of  this  operation  is  to  separate  the  metallic  from  the  earthy  mat 
ters ;  and  so  we  find  tliat  the  products  consist  of  about  one-third  coarse  metal, 
composed  principally  of  sulphuret  of  copper  and  sulphuret  of  iron  in  nearly 
equal  quantities,  and  of  two- thirds  scoria,  containing  iron,  silica,  alumina, 
lime,  and  fluoride  of  calcium  or  fluor  spar,  all  fused  together  into  one  homo- 
geneous substance.    The  cast  blocks  of  scoria  are  carefully  examined  whei\ 
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cold,  to  determine  whether  any  of  the  coarse  metal  be  left  in  it.  The  peculiar 
colour  and  form  of  fracture  of  the  brick  gives  a  yery  nice  indication  of  the 
quantity  of  copper,  down  to  so  minute  a  proportion  as  x^th  to  njWth  part. 
The  portions  containing  matt  or  coarse  metal,  usually  amounting  to  about 
seven  per  cent.,  are  separated,  and  reserved  for  a  new  charge  for  the  same 
operation,  and  the  remainder  is  carried  off  to  the  waste  heap. 

The  fluor-spar  employed  as  flax  is  peculiarly  valuable,  both  as  a 
mechanical  and  chemical  agent.  Under  the  influence  of  heat  it  fuses  on 
coming  into  contact  with  silica,  the  calcium  obtaining  oxygen ;  the  silicon 
and  fluorine  set  free  from  the  calcium  combine ;  and,  as  a  gaseous  product,  in 
passing  off,  produce  an  agitation  of  the  fluid  mass,  which  is  highly  conducive 
to  the  perfect  reaction  of  the  various  constituents  on  each  other.  The  Hme 
thus  set  free  immediately  enters  into  combination  with  another  portion  of 
silica,  forming  with  the  other  earthy  matters  present,  through  the  assistance 
of  a  portion  of  the  iron,  a  very  fluid  slag;  the  cylinder  containing  the 
granulated  matt  is  lifted  out  of  the  water  b}''  a  crane  fixed  to  the  furnace, 
and  is  removed  in  wheel-barrows  or  waggons  to  the  furnace  employed  for 
the  next  operation. 

Third  Operation. — ^For  this  process,  precisely  the  same  sort  of  furnace  is 
used  as  for  the  first  operation.  It  is  charged  in  the  same  manner,  from  the 
hoppers  on  the  roof  of  the  furnace,  with  the  product  of  the  second  operation, 
which  may  be  regarded  as  copper  pyrites  free  from  gangue  or  earthy  matrix, 
and  containing  about  thirty-three  per  cent,  of  copper.  The  heat  employed 
in  this  operation  is  much  greater  than  in  the  first,  as  the  constituents  of  the 
charge  are  not  nearly  so  fusible.  The  object  is  to  drive  off  as  much  as  pos- 
sible of  the  remaining  sulphur.  The  fire  requires  to  be  managed  so  as  to 
produce  an  oxidating  flame ;  that  is,  flame  greatly  supercharged  with  atmo-  - 
spheric  air,  undecomposed,  but  highly  heated  by  the  fueL  This  necessity 
arises  from  the  fact  that  heat  alone  is  not  sufficient  for  the  expulsion  of  the 
sulphur ;  but  when  heated  oxygen  is  brought  into  contact  with  the  materials 
of  the  chaige,  it  partiy  combines  with  the  sulphur,  forming  sulphurous  acid, 
the  detachment  of  the  sulphur  from  the  iron  and  the  copper  being  facilitated 
by  the  intervention  of  other  quantities  of  oxygen,  entering  into  combination 
with  the  metallic  bases  forming  oxides,  principally  of  copper  and  of  iron. 
The  alternate  employment  of  an  oxidating  or  clear  flame,  and  of  a  reducing, 
or  smoky  flame,  is  advantageous,  as,  under  the  influence  of  the  former,  sul- 
phates are  sometimes  formed.  The  residuary  sulphurets,  with  the  sulphates, 
are  more  rapidly  decomposed  by  their  reaction  on  each  other,  under  the 
influence  of  the  reducing-flame,  than  they  would  otherwise  have  been,  the 
sulphur  of  the  sulphuret  combining  with  a  portion  of  the  oxygen  of  the  sul- 
phuric acid  of  the  sulphate,  its  base  obtaining  its  oxygen  from  the  same 
source,  the  sulphurous  acid  passing  off.  The  charge  begins  to  throw  off 
vapours  as  soon  as  it  gets  red-hot  throughout,  or  in  about  two  hours  after  it 
is  put  into  the  furnace.  It  is  then  well  raked  over,  to  cause  every  portion  in 
succession  to  be  exposed  to  the  action  of  the  heated  air  passing  through  the 
furnace.    The  raking  or  rabbling  is  repeated  every  two  hours,  the  heat  being 
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maintained  as  high  as  possible,  short  of  causing  the  chaige  to  fuse.  At  the 
end  of  twenty-four  hours  the  heat  will  be  equal  to  about  cherry-red ;  and  at 
the  end  of  thirty-six  hours  at  a  bright  red,  by  which  tune  the  calcination 
should  be  complete  and  the  charge  ready  to  draw.  The  product  of  this  ope- 
ration is  "  coarse  metal/*  which  should  be  as  nearly  as  possible  pure  oxides 
of  Iron  and  copper.  It  is  much  altered  in  colour,  and  reduced  to  a  coarse 
granular  condition  much  smaller  than  before.  If  well  done,  the  fragments 
are  of  a  deep  black  colour,  with  some  indications  of  incipient  fusion  on  the 
grains.  Much  more  coals  are  consumed  in  this  than  in  the  first  operation, 
but  not  so  much  as  in  the  second. 

Fourth  Operation, — The  furnace  is  of  the  same  form  as  that  employed  in 
the  second  operation,  excepting  that  there  is  no  basin-formed  recess  in  tilie 
bed,  but  a  gradual  slope  of  it,  so  as  to  discharge  the  whole  of  the  fused  mass 
readily  from  a  hole  in  one  of  the  long  sides.  The  charge  is  composed  of 
coarse  metal,  the  product  of  the  third  operation,  mixed  with  minerals  of  the 
fourth  class,  such  as  sulphuret  of  copper  free  from  admixture  of  iron  pyrites, 
or  the  carbonate  or  oxide  of  copper  and  copper  slag  from  the  ninth  and  tenth 
operations ;  together  with  copper  scales  from  the  rolling  of  copper  or  other 
copper  wastes,  such  as  are  produced  in  the  working  of  copper  into  utensils 
for  maohineiy.  The  object  of  this  operation  is  to  separate  the  iron  by  com- 
bining it  with  silica,  forming  a  silicate  of  iron,  leaving  the  copper  in  combina- 
tion with  sulphur  in  such  proportion  as  will  form  a  sulphuret  of  copper. 
With  such  a  variety  of  materials  to  work  on,  a  superior  class  of  workmen  is 
required  for  conducting  this  operation ;  for  they  are  not  limited  by  such  rigid 
rules  as  in  the  previous  operations,  being  allowed  to  operate  on  successive 
charges,  as  may  be  indicated  by  the  results  of  previous  workings  The  ma- 
terials for  a  charge  amount  to  about  thirty  cwt.  The  charge  is  introdnced 
through  the  side  door,  and  is  spread  over  the  bed  with  an  iron  slicer,  shaped 
somewhat  like  an  oar  or  paddle.  The  door  is  carefully  closed,  and  the  heat 
raised  as  rapidly  as  possible.  During  the  first  two  hours  a  calcination  goes 
on,  attended  with  the  evolution  of  some  sulphui-ous  acid,  and  an  incipient 
fusion  takes  place  as  the  heat  increases.  The  charge  flows  down,  until,  at  the 
end  of  the  third  hour,  the  frision  is  complete,  the  scoria  is  very  liquid,  and 
remains  quiet  in  the  furnace.  Between  the  fourth  and  fifth  hour  the  charge 
is  well  and  rapidly  stirred ;  the  unfused  portions  of  the  charge  adhering  to 
the  sides  are  turned  into  the  liquid  mass ;  and  then  the  furnace  is  again  dosed, 
and  the  heat  urged  on  until  the  whole  of  the  interior  of  the  furnace  is  raised 
to  a  dazzling  whiteness.  At  the  end  of  six  hours  the  furnace  is  tapped,  the 
matt  is  run  into  water,  and  thereby  granulated,  the  very  liquid  scoria  being 
conducted  through  another  channel,  after  the  matt  has  been  run  off,  into 
sand  moulds.  The  scoria  is  sorted  into  two  qualities :  the  first  run  off,  having 
been  in  contact  with  the  matt,  retains  three  to  five  per  cent,  of  copper,  and  is 
reserved  for  the  sixth  operation;  the  last  portion  run  off  contains  much  less 
copper,  and  is  used  as  a  flux  in  the  second  operation.  The  matt,  consisting 
principally  of  sulphuret  of  copper,  still  retains  four  to  eight  per  cent  of  sul- 
phuret of  iron,  and  contains  seventy  to  seventy-five  per  cent,  of  copper.  This 
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matt  is  termed  "  white  metal."  In  its  purest  form  it  is  of  a  grayish-white 
colour,  of  a  granulated  porous  texture,  sometimes  of  a  hluish-gray  colour, 
with  a  specific  gravity  of  5-2  to  5*7.  It  is  reserved  for  the  ninth  operation. 
The  working  somewhat  resembles  the  second  operation ;  but  as  the  heat 
required  is  much  greater,  more  fuel  is  consumed.  Twenty-two  charges  are 
worked  through  the  furnace  in  a  week. 

Fifth  Operation. — The  furnace  employed  precisely  resembles  4hat  used 
for  the  fourth  operation ;  and,  indeed,  the  two  operations  much  resemble 
each  other.  The  charge  on  the  present  occasion  consists  of  materials  con- 
taining fewer  metallic  oxides  than  those  of  the  last  operation,  but  having 
more  metallic  sulphurets.  Excepting  that  some  of  the  products  of  the  pre- 
sent are  brought  into  other  operations,  together  with  the  products  of  previous 
processes,  it  would  hardly  require  a  separate  description,  but  would  rather 
be  an  equivalent  for  the  fourth  operation ;  its  principal  object  being,  by  the 
better  selection  of  ores  containing  a  less  variety  of  substances,  to  produce  from 
them  a  "  blue  metal,"  from  which  blue  copper  may  with  less  difficulty  be 
elaborated.  The  white  metal,  the  product  of  the  fourth  operation,  does  not 
contain  any  metaUic  copper;  but  the  blue  metal  is  characterised  by  the  pre- 
sence of  metallic  copper,  diffused  throughout  the  mass  in  exceedingly  minute 
particles. 

About  the  same  quantity  of  fuel  is  used  as  in  the  fourth  operation,  the 
reactions  that  take  place  in  the  furnace  are  similar,  and  the  products  are 
disposed  of  in  much  the  same  manner.  The  matt  contains  horn,  seventy  to 
seventy-five  per  cent,  of  copper. 

Sixth  Operation. — ^The  object  of  this  operation  is,  by  the  combined  action 
of  the  various  constituents  of  the  slags  from  the  sixth,  seventh,  and  eighth 
operations  on  each  other,  to  cause  the  production  of  a  matt  in  which  the 
copper  in  these  slags  shall  be  brought  together.  A  small  quantity  of  copper 
pyrites,  free  from  other  combinations  than  siliceous  matter  in  large  propor- 
tions, is  mixed  with  the  slags.  After  the  mass  is  fused,  a  small  quantity  of 
coal  or  other  carbonaceous  matter  is  mixed  with  the  charge,  which  reacts  on 
the  oxide  of  copper,  decomposing  it,  and  producing  a  metallic  copper,  which 
alloys  with  any  tin,  nickel,  cobalt,  or  arsenic  present ;  and  falling  to  the  bot- 
tom under  the  matt,  does  great  service  by  eliminating  these  metals  from  the 
superincumbent  matt.  The  same  sort  of  furnace  is  used  as  in  the  last  opera^ 
tion ;  but  the  materials  of  the  charge,  instead  of  being  supplied  to  the  furnace 
through  a  hopper  in  the  roof,  are  introduced  through  the  ordinary  working- 
door,  and  anolher  door  placed  more  nearly  in  the  comer  of  the  furnace ;  the 
fased  charge  is  drawn  off  from  the  side  opposite  to  the  working-door.  Each 
charge,  of  about  two  tons  in  weight,  takes  about  six  hours  for  working  off. 
The  products  are,  white  metal  for  the  sixth  operation ;  red  metal,  for  the 
same  operation ;  the  bottoms,  or  alloy  of  metals,  divided  into  tin  alloy  and 
copper  alloy,  for  the  ninth  operation;  scoria,  for  returning  to  the  fourth 
operation ;  and  slag,  to  be  rejected  to  the  extent  of  ninety  per  cent. :  so  that 
it  will  be  seen  that  this  operation  is  very  efficient  in  the  reduction  of  bulk  of 
useless  materials. 
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The  Seventh  Operation  is  carried  on  in  a  furnace  resembling  the  one  vaed 
in  the  sixth.  The  charge  consists  of  abont  two  tons  of  blue  metal  anlj. 
without  any  other  flux  than  the  sand  adhering  to  its  surface  from  the  moulds 
in  which  it  was  cast.  As  the  operation  is  twofold — ^first,  for  calcination  or 
oxidation,  and  then  for  fusion — ^the  bridge  is  provided  with  an  air-passage, 
similar  to  that  employed  in  the  calcining  furnace  for  the  first  operation.  The 
charge  laj^nt  into  the  furnace  in  large  masses,  and  the  heat  is  slowly  raised 
upon  it,  80  as  to  oxidize  as  completely  as  possible  all  the  metal  present 
When  the  whole  mass  is  fused,  the  sulphuret  of  iron  having  been  conTcrted 
into  oxide  of  iron  and  sulphurous  add,  the  silica  reacts  on  the  iron,  and  is 
converted  into  a  fusible  silicate ;  some  oxide  of  copper  is  also  scorified,  but 
the  matt  or  white  metal  produced  is  much  improved  in  quality,  and  rendered 
fit  for  the  eighth  operation.  The  operation  requires  about  twelve  hours  for 
its  completion ;  and  but  little  alteration  has  taken  place  between  the  wei^ts 
of  the  charge  introduced  and  of  the  products  obtained,  none  of  the  latter 
being  finished  with,  but  having  to  be  redistributed  to  the  fumaoes  for  tb» 
second,  fourth,  and  sixth  operations. 

The  Eighth  Operation  is  conducted  in  a  furnace  precisely  similar  in  every 
respect  to  the  furnace  employed  for  the  seventh  operation.  The  materials 
constituting  the  charge  are  white  metal,  produced  from  the  sixth  and  seventh 
operations,  together  with  the  red  metal  from  the  sixth  operation,  without  any 
other  flux  than  the  sand  adhering  to  the  blocks  from  the  moulds  in  which 
they  were  cast.  The  operation  lasts  about  four  hours,  the  weight  of  the 
charge  being  about  one  ton  and  a  half.  At  first,  as  in  the  last  operation,  the 
efiect  is  that  of  oxidation;  but  as  the  fusion  proceeds,  the  oxide  of  copper 
which  has  been  produced,  coming  into  contact  with  sulphuret  of  copper,  a 
reaction  takes  place,  sulphurous  acid  is  evolved,  and  metallic  copper  pre- 
cipitated, or  a  subsulphuret  of  copper  is  produced.  The  products  are  three, 
all  of  which  have  to  be  reworked.  They  are — Ist,  a  regulus,  consisting  of 
copper  81 ,  iron  '2,  sulphur  nearly  2  per  cent. ;  2nd,  a  slag,  consisting  almost 
entirely  of  silica,  and  oxides  of  iron  and  copper,  with  about  ten  per  cent  of 
copper  mechanically  mixed ;  8rd,  copper  bottoms,  or  alloys  of  copper  with 
other  metals.  These  are  reserved  for  the  ninth  operation;  and  some  of  the 
slag  is  returned  to  the  furnace  for  the  fourth  operation. 

Ninth  Operation. — The  same  sort  of  furnace  is  used  as  in  the  last  opera- 
tion. The  charge,  amounting  to  from  2^  to  3f  tons,  consists  of  white  metal 
from  the  fourth  operation,  regulus  from  the  eighth  operation,  copper  bottoms 
from  the  sixth  and  eighth,  and  a  small  proportion  of  rich  oxide,  or  carbonate 
ores,  associated  with  quartzose  matrix  or  gangue.  No  other  flux  is  added  than 
the  silica  of  the  rich  ore.  The  heat  of  the  furnace  is  at  first  regulated  for 
the  calcining  of  the  charge,  and  is  gradually  raised  until  the  whole  mass  is 
perfectly  fused.  The  object  of  the  calcination  is  to  promote  the  oxidation  of 
the  metals  and  of  the  sulphur :  the  sulphur,  being  converted  into  sulphurous 
acid,  passes  off,  together  with  arsenic  if  it  be  present  By  fusion  of  the 
oxidated  matters,  oxide  of  copper  is  brought  into  contact  with  sulphuret  of 
copper,  oxygen  leaving  the  copper  and  combining  with  the  sulphur;  the  two 
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in  combinatioii  assumiag  the  gaseous  form,  produce  a  most  desirable  agita- 
tion of  the  constitaents  of  the  charge,  whereby  in  succession  matters  haying 
chemical  reactions  on  each  other  are  brought  into  contact,  and  the  desired 
changes  are  effected.  As  only  a  limited  supply  of  oxygen  is  contained  within 
the  chaige,  and  this  is  soon  exhausted  by  the  reactions  that  take  place  within 
the  fluid  mass,  it  becomes  necessary  to  obtain  a  fresh  supply.  In  the  fased 
state  the  charge  presents  but  a  very  small  amount  of  surface  for  the  reaction 
of  the  heated  air  passing  through  the  furnace.  The  production  of  the  ne- 
cessary surface  for  the  further  oxidation  is  effected  in  a  simple  but  ingenious 
manner.  The  furnace  is  allowed  to  cool,  by  opening  the  doors,  down  to  a  duU 
red  heat ;  in  so  doing,  the  crost  formed  oyer  the  surface  of  the  fluid  mass  is 
broken  up  by  the  sulphurous  acid  passing  off.  As  the  charge  throughout 
becomes  more  and  more  pasty,  it  is  rendered  more  porous  by  the  gas  evolved, 
through  the  agency  of  the  oxygen  of  the  heated  air  coming  into  contact  with 
it,  which,  at  the  same  time  that  it  is  expelling  the  sulphur,  is  also  being 
stored  up  within  the  mass  by  the  combining  action  of  the  copper,  iron,  and 
other  metals  present.  At  the  end  of  about  twelve  hours  the  diarge  is  so  far 
cooled  that  the  disengagement  of  the  gas  ceases.  The  doors  are  again  closed, 
the  heat  is  gradually  raised  during 'the  next  six  hours,  fusion  slowly  takes 
place,  calcination  at  first  going  on ;  and  after  the  mass  has  again  become  fluid, 
the  mutual  reaction  of  the  oxides  and  sulphurets,  as  before  indicated,  again 
take  place.  The  heat  is  then  urged  on  to  the  utmost;  the  silica  and  iron 
entering  into  combination,  produce  a  slag,  together  with  the  remaining  small 
proportions  of  antimony,  arsenic,  &c.,  through  which  the  fdsed  metallic  cop- 
per finds  its  way  to  the  sole  of  the  fiimace. 

At  the  end  of  twenty-four  hours  the  charge  is  drawn,  the  slag  being 
skimmed  off,  and  the  metal  oast  into  blocks  about  three  feet  long  and  eighteen 
inches  wide.  This  product  is  known  as  blistered  copper,  and  amounts  to 
about  sixty  per  cent,  of  the  weight  of  the  charge  put  into  the  furnace.  The 
residuary  slag,  which  not  unfrequently  contains  fifteen  to  twenty  per  cent, 
of  copper,  is  sorted  and  returned  to  the  furnaces  for  the  fourth  and  sixth 
operations.  The  blistered  copper  is  so  called  because  the  surface  of  the 
ingots  is  covered  with  blisters ;  the  interior  is  fall  of  cavities,  the  fractured 
surface,  when  fresh,  being  of  a  deep-red  colour. 

Tenth  OperaHon. — ^Refining  the  coarse  metal  produced  in  the  last  process 
is  conducted  in  a  iriTnTl<i.r  furnace,  having  a  larger  fire-place  and  the  roof 
somewhat  higher  above  the  sole,  so  as  to  slQcw  of  the  piling  of  the  charge  of 
ixigots,  seven  to  ten  tons  weight,  on  and  over  each  other.  These  require  to  be 
so  arranged  as  to  allow  of  a  free  draught  through  the  furnace,  but  with  a 
regular  equable  distribution  of  heat.  During  the  first  eighteen  hours,  the 
workman  has  only  to  maintain  the  fire  so  as  steadily  to  raise  the  heat  of  the 
furnace. 

A  calconalion  and  an  oxidation  at  first  goes  on  during  the  slow  fusion,  as 
in  the  last  operation,  more  sulphur  being  evolved ;  and  when  the  fusion  is 
complete,  the  silica  adhering  to  the  ingots  fuses,  together  with  some  of  the 
oxide  of  copper,  at  the  same  time  laying  hold  of  most,  if  not  all,  of  the  other 
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metallio  oxides  remaining  in  combination.  At  the  end  of  twenty -two  hours, 
the  scoria  thus  produced  is  raked  off,  leaTing  the  surface  of  the  metal  as 
clean  as  possible.  A  few  shovelfuls  of  powdered  wood-charcoal,  or  finelj- 
pulyerized  anthracite  of  the  best  quality,  are  thrown  on  the  surface  of  the 
chaige,  and  rapidly  spread  over  it.  A  short  time  after  this,  a  pole  of  green 
wood  is  plunged  into  the  fused  metal;  a  violent  ebuUition  takes  place,  eaosing 
a  more  intimate  mixture  of  the  copper  and  the  charcoal;  and  probably  the 
steam  and  gaseous  products  evolved,  assist  in  the  elimination  of  any  traces  of 
sulphur  left  within  the  metal.  This  action  with  the  pole,  termed  "  poling,'* 
is  maintained  for  about  twenty  minutes.  The  superintendent  then  takes  ont 
a  small  sample  of  the  metal  in  a  ladle ;  when  cooled,  he  examines  it  by 
cutting  the  ingot  half-way  through  with  a  steel  chisel ;  then  bending  it  in  a 
vice  back  to  a  double,  by  which  means  the  fibre  of  the  metal  is  developed, 
the  colour  and  flexibility  is  ascertained,  and  it  is  deteimined  whether  the 
refining  is  complete. 

If  the  poling  has  not  been  continued  long  enough,  the  metal  will  be 
brittle ;  so  also  will  it  be  if  the  poling  has  been  continued  too  long.  In  the 
latter  case  the  metal  is  restored,  but  with  some  difficulty,  by  clearing  the 
surface  of  the  metal,  and  allowing  heated  air  to  pass  over  it,  apparently  for 
the  purpose  of  decarbonizing  the  metal.  When  the  metal  has  been  over- 
poled,  it  becomes  exceedingly  bright  and  brilliantly  clear,  so  that  the  roof  of 
the  furnace  may  be  seen  reflected  on  its  surface.  Before  poling,  the  copper 
is  in  a  peculiar  condition,  termed  the  dry  state,  probably  consisting  of  ninch 
oxide  of  copper  and  oxygen  in  contact  with  the  metal.  In  this  condition  it 
has  a  very  strong  action  on  the  iron  tools  used  in  working  the  charge.  The 
desired  point  having  been  attained  by  the  refiner,  the  charge  is  again 
skimmed,  a  smoky  flame  is  produced  in  the  furnace  to  prevent  oxidation, 
and  the  metal  is  taken  out  in  ladles  covered  with  a  wash  of  fire-clay,  and 
cast  into  moulds,  varying  according  to  the  quality  or  form  required  for  the 
market.  Various  qualities  of  copper  are  met  with  in  the  market,  varying 
from  j£5  to  ^0  per  ton  in  price ;  they  are  known  as  '*  best  selected,"  "  tou^ 
copper,"  and  "  tile  copper.**  These  vary  in  quality,  according  to  the  choice 
of  products  for  the  tenth  or  refining  operation. 

The  various  operations  here  described  have  been  modified  in  different 
smelting  establishments,  but  the  principles  involved  are  substantially  the 
same.  At  first  sight,  they  appear  to  be  exceedingly  complicated  and  unne- 
cessarily extended  in  number ;  but,  on  closer  investigation,  it  will  be  found 
that,  with  the  aid  of  the  closest  appHcation  of  scientific  principles,  a  more 
perfect  system  of  operations  could  scarcely  be  devised.  During  the  last 
twenty  years,  a  great  number  of  patents  have  been  taken  out  for  improve- 
ments in  the  smelting  of  copper  ores ;  but,  either  from  want  of  merit  or  from 
want  of  proper  trial,  very  few  have  been  permanently  adopted,  and  but  very 
slight  improvements  have  been  generally  introduced  throughout  the  smelting 
estabUshments  of  Wales. 

In  order  to  the  perfect  development  of  the  present  system  of  working,  the 
closest  application  of  scientific  principles  and  of  chemical  knowledge  is  abso- 
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lutelj  necessary,  although  vezy  good  results  have  been  obtained,  much 
better  than  could  have  been  anticipated,  from  simply  empirical  or  rule  of 
thumb  working.  For  example,  a  perfect  analysis  of  the  ores  purchased 
would  indicate  with  precision  the  quality  and  quantity  of  the  various  ores 
that  should  be  associated  for  the  production  of  the  best  effects  of  calcination ; 
it  would  also  serve  to  show  the  real  value  of  the  different  ores — ^not  simply 
on  account  of  the  proportion  of  copper  contained  in  them,  but  also  on  account 
of  the  comparative  value  of  the  associated  minerals,  as  fluxes,  &c.  The 
knowledge  of  the  true  character  of  each  of  the  operations  employed  would 
give  the  power  of  regulating,  with  precision,  the  results  to  be  obtained. 
Empirical  knowledge  is  sufficient  for  the  production  of  tolerable  results,  as 
long  as  all  things  go  smoothly;  but  more  than  this  is  necessary  to  set 
light  again  processes  which  have  gone  wrong.  It  is  when  the  expe- 
rience gained  by  prolonged  acquaintance  with  practical  operations  on  the 
large  scale,  is  aided  by  the  scientific  knowledge  gained  by  the  careful  inves- 
tigation of  the  character  of  the  phenomena  observable,  and  of  the  principles 
involved  in  their  production,  that  such  a  command  over  drcumstances  is 
obtained  as  will  ensure  the  production  of  results  at  wilL 

In  the  Swansea  district  there  are  nearly  six  hundred  furnaces  employed, 
consuming  about  500,000  tons  of  coal  per  annum,  employing,  exclusive  of 
colliers,  about  four  thousand  persons,  who  receive  nearly  ^4000  per  week  as 
wages.  About  twenty  tons  of  coal  are  consumed,  on  an  average,  for  the  pro- 
duction of  one  ton  of  copper.  Copper  is  brought  into  the  market  in  a  variety 
of  forms,  such  as  boan-shot  or  feathered-shot,  intended  for  the  manufacture  of 
brass.  The  former  of  these  is  produced  by  pouring  the  melted  copper 
throughladles,  filled  with  holes,  into  hot  water,  for  the  production  of  bean-shot, 
or  cold  water  for  the  manu&cture  of  feathered-shot  It  is  cast  into  slabs 
when  required  for  hammering  out  into  shape  for  large  utensils,  such,  for 
instance,  as  vacuum  pans  for  sugar-refining  purposes;  in  which  case  a  small 
slab,  with  the  aid  of  a  Nasmyth's  steam-hammer,  is  hammered  out  into  the 
form  of  a  hemisphere,  with  a  rim  eight  to  nine  feet  in  diameter  out  to  out, 
and  four  feet  deep.  It  is  also  cast  into  ingots  of  various  sizes.  One  form  of 
ingot  is  only  six  ounces  in  weight,  and  about  eight  inches  long.  It  is  exported 
to  the  East  Indies  as  Chinese  or  Japan  copper.  These  ingots  are  of  a  fine  red 
colour,  produced  by  throwing  them  while  hot  into  cold  water.  The  method 
of  producing  this  colour  was  for  a  long  time  kept  secret  by  a  single  firm,  who 
had  discovered  it,  and  had  thereby  succeeded  in  producing  an  article  which 
they  successfully  brought  into  competition  with  the  Chinese  or  Japanese 
article,  which  had  previously  completely  monopolized  the  market. 

The  slabs  are  idso,  some  portion  of  them,  before  being  sent  away  from  the 
smelting  works,  converted  into  sheets  of  varying  thickness,  by  rolling  between 
smooth  iron  rollers,  each  about  three  feet  eight  inches  long,  and  fifteen  inches 
in  diameter.  The  ingots  of  copper  to  be  operated  upon  are  heated  in  a  re- 
verberatory  furnace,  and  are  then  passed  through  the  rollers,  returned  over 
them,  and  passed  through  again  and  again,  until  by  cooling  and  hardening  they 
become  so  brittie  that  they  require  to  be  annealed  by  reheating  in  the  furnace. 
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The  rollers  are  gradually  brought  closer  together  by  tighteniug  serewB  bearing  , . 
on  the  plummer-blocks,  carrying  the  shaft  of  one  of  the  rollers.  The  repeated  | 
re-heatings  of  the  sheet  produce  a  coating  of  oxide,  which  is  remored  by  steep-  | 
ing  for  a  few  days  in  urine ;  it  is  then  put  again  into  the  fdmace,  the  ammcwiia 
attached  to  the  surface  is  driven  off,  and  the  sheet  being  plunged  whOe  hot 
into  cold  water,  the  cupiic  oxide  formed  scales  off;  leaving  the  metallic  snr£aoe 
bare.  After  passing  the  sheet,  when  cold,  through  the  rollers,  to  produce  a 
smooth  surface,  it  is  cut  down  to  the  proper  size  and  packed  for  the  mariEet 
Very  large  quantities  of  sheet-copper  have  been  used  for  sheathing  ships ; 
but  il  is  now  superseded,  to  a  great  extent,  by  the  introduction  of  a  sort  of 
brass,  known  as  Muntz's  yellow  metal,  as  well  as  by  sheet  zinc. 

The  principal  places  of  export  are  London,  Ldverpool,  and  Swansea. 
The  principal  places  where  it  is  manufactured  are  Birmingham,  Sheffield, 
London,  and  Bristol. 

ImpvoTed  PvoeeMes. — ^It  has  been  before  observed  that  the  operati<ms, 
as  described,  are  modified  in  various  smelting  establishments  to  meet  pecnhar 
circumstances ;  but  it  is  surprising  how  long  any  improvement  in  the  system 
of  operations  takes  to  obtain  extensive  adoption.  One  of  these  improve- 
ments consists  in  the  calcination  of  copper  ores,  containing  much  iron  pyrites, 
in  a  kiln,  instead  of  a  reverberatory  furnace,  without  the  assistance  of  any 
other  combustible  matter  than  the  constituent  sulphur  of  the  pyrites.  The 
kiln  is  so  arranged  that,  as  in  a  hme-kiln,  the  matter  to  be  operated  upon  is 
supplied  at  the  top  and  withdrawn  from  the  bottom.  The  sulphur,  by  burn- 
ing, is  converted  into  sulphurous  acid;  which  meeting  with  the  nitrom  add 
vapours  evolved  from  a  charge  of  nitrate  of  soda  undergoing  decomposition 
from  the  action  of  sulphuric  acid  in  a  cast-iron  nitre  pot  placed  in  the  flue 
leading  to  an  ordinary  sulphuric  acid  chamber, — ^is  thereby  converted  into 
that  extremely  useM  material,  sulphuric  acid,  which  is  collected  in  the 
chamber,  and  may  thence  be  obtained  for  conversion  into  a  suitable  fonn  for 
the  numerous  purposes  for  which  it  is  so  indispensably  necessary.  This  add 
may  be  employed  for  the  manufacture  of  superphosphate  of  lime,  as  a  manure 
for  enriching  the  soil,  instead  of  being  rendered  worse  than  useless,  by  the 
ordinary  careless  way  of  working,  by  poisoning  the  air.  If  only  a  small  quantity 
of  arsenic  be  present,  the  sulphuric  add  produced  may  be  purified  by  a  subse- 
quent operation,  and  rendered  fit  for  common  purposes.  If  the  copper  ore 
contain  large  quantities  of  arsenic  and  but  little  sulphur,  it  may  be  calcined 
advantageously  in  a  similar  kiln ;  but  instead  of  using  a  lead  chamber,  the 
fames  of  arsenious  add  or  white  arsenic  should  be  conducted  into  horizontal 
chambered  flues,  made  suffidently  large  and  of  such  a  length  that,  by  cool- 
ing, the  vapours  may  be  condensed  in  the  form  of  white  powder,  and  collected 
for  sale  to  the  arsenic  refiner.  If  the  ore  do  not  contain  suffident  comlms- 
lible  matter  to  maintain  tlie  heat  long  enough,  a  small  quantity  of  culm,  or 
anthradte  coal,  may  be  advantageously  mixed  with  the  ore  in  charging  the 
furnace,  predsely  in  the  same  manner  as  in  working  lime-kilns.  The  pro 
cess  for  separating  the  sulphur  in  the  manner  above  described,  was  patented 
in  the  year  1847,  by  Birkmyre ;  but  it  had  been  in  use  nearly  as  &r  back  as 
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1840,  when  this  method  was  introdnced  for  obtainiBg  sulphur  from  mimdics» 
or  iron  pyrites,  by  the  soda  manufacturers,  in  consequence  of  the  attempted 
monopoly  of  the  sulphur  trade  by  the  Sicilian  monarch.  This  circumstance 
gave  rise  to  many  attempts  to  improve  the  produce  of  the  great  Taiieiy  of 
metalliferous  minerals  obtainable  in  various  parts  of  the  United  Kingdom. 

Amongst  others  we  may  notice  the  patent  obtained  by  W.  Longmaid, 
bearing  date  October  20, 1842.  Its  object  was  to  render  sulphur  ores,  in- 
cluding poor  copper  ores  containing  much  sulphur,  available  for  the  purposes 
for  which  sulphur  was  commonly  employed.  It  was  found  that  a  large  pro- 
portion of  the  ores  containing  sufficient  sulphur,  sufficiently  free  from 
arsenic  to  allow  of  their  being  employed  for  the  manufieKsture  of  sulphuric 
acid  by  burning  in  the  kiln,  as  already  described,  would  be  too  small  to  be 
available  for  this  mode  of  treatment.  In  Longmaid's  process  this  difficulty 
has  been  overcome;  and,  at  the  same  time,  the  necessity  for  avoiding  the  use 
of  ores  contaiDing  much  arsenic  was  evaded.  The  process  consisted  in 
grinding  the  ores  to  a  coarse  powder,  and  mixing  with  them  a  proportion  of 
common  salt,  or  chloride  of  sodium,  having  such  relation  to  the  sulphur 
present  in  the  ore,  that  more  than  sufficient  sulphuric  acid  necessary  for  the 
decomposition  of  the  salt  should  be  obtainable  therefrom.  The  mixture  is 
put  upon  the  back  of  one  of  four  beds  of  a  reverberatory  furnace,  sixty  feet 
in  length.  A  very  moderate  heat  reaching  the  mixture  from  the  fire-place 
is  sufficient  to  cause  the  combustion  of  the  sulphur  of  the  ore  in  contact  with 
the  salt :  the  greater  portion  of  the  sulphurous  add  produced  is  converted 
into  sulphuric  acid,  the  sodium  of  the  salt  obtaining  oxygen  from  the  iron 
contemporaneously  oxidized  with  the  sulphur.  The  chlorine,  set  free  from 
the  sodium,  enters  at  once  into  combination  with  the  iron,  producing  the 
chloride  of  iron ;  and  the  same  action  takes  place  between  the  salt  and  the 
sulphuret  of  copper.  As  the  heat  is  increased,  by  advancing  the  charge,  at 
the  end  of  twenty-four  hours,  on  to  the  next  bed,  a  large  proportion  of  the 
chloride  of  iron  is  volatilized,  and  passes  away  into  the  flues  with  the  smoke 
of  the  fire ;  another  portion  of  the  chloride  of  iron,  under  the  influence  of 
the  heated  oxygen  of  the  air  passing  through  the  furnace,  is  decomposed,  the 
iron  being  converted  into  the  state  of  peroxide  in  a  very  finely-divided  state, 
with  the  evolution  of  gaseous  chlorine,  the  chloride  of  copper  remaining  un- 
affected. By  continuous  exposure  to  heat  on  the  difierent  beds  of  the  furnace 
for  from  seventy-two  to  ninety-six  hours,  with  a  very  small  expenditure  of 
fuel  and  of  labour,  the  whole  of  the  sulphurets  present  will  have  been  decom- 
posed, and  the  original  charge  of  chloride  of  sodium  and  of  sulphur  ores  will 
have  been  converted  into  a  product  caUed  sulphate  ash,  which,  by  lixiviation 
in  water,  is  separable  into  a  solution  of  sulphate  of  soda,  chloride  of  copper, 
and  chloride  of  silver,  if  any  of  that  metal  should  have  been  present  in  the 
raw  ore  (and  nearly  aU  copper  ores  do  contain  it),  and  insoluble  peroxide  of 
iron,  which,  by  levigation,  may  be  perfectly  separated  from  the  sandy  siliceous 
constituents  of  the  ore  employed,  ^he  copper  is  precipitated  from  solution 
either  in  the  state  of  oxide  by  soda  or  lime,  or  in  the  metallio  state  by  the 
employment  of  metallic  iron. 
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This  process  has  been  advantageously  employed  at  St  Helen's,  Lanca- 
shire,  for  the  manufacture  of  sulphate  of  soda,  and  the  extraction  of  copper 
and  silver,  for  many  years ;  but  as  yet  it  has  not  been  used  on  the  laz^ge 
scale,  for  operating  on  the  richer  sulphurous  copper  ores.  This  process  has 
been  but  feebly  worked ;  but,  with  energetic  management,  as  a  process  for 
smelting  copper,  the  very  best  results  may  fairly  be  anticipated  from  it. 
The  peroxide  of  iron  is  obtained  in  such  a  very  finely-divided  condition,  that 
it  is  used  in  the  manufacture  of  the  most  valuable  paint  for  covering  iron, 
especially  if  it  be  exposed  to  the  action  of  salt-water,  as  with  the  bottoms  of 
iron  ships.  The  chlorine  products  evolved  in  the  course  of  calcination  are 
so  easily  condensed,  that,  with  moderately  long  horizontal  flues  intervening 
between  the  furnace  and  the  chimney,  no  condenser  for  the  fiimes  is  required, 
as  in  the  ordinary  process  of  manufacture  of  salt-cake  or  sulphate  of  soda 
from  common  salt  and  liquid  sulphuric  acid. 

The  precipitated  copper  is  found  associated  with  the  silver  originally 
contained  in  the  raw  ore :  the  separation  of  the  two  metals  is  efiected  by 
dissolving  the  precipitate  in  sulphuric  acid,  for  the  manufeu^ture  of  sulphate 
of  copper,  to  be  evaporated  and  crystallized  for  the  production  of  blue  vitriol, 
which  is  largely  employed  for  agricultural  purposes  in  pickling  wheat,  for 
dyeing,  and  for  a  great  variety  of  other  chemical  purposes.  By  this  process, 
silver  can  be  obtained  from  ores  containing  so  small  a  quantity  as  one  and  a 
half  to  three  ounces  per  ton,  such  as  could  not  be  economically  extracted  by 
any  other  process.  Very  small  quantities  of  tin  ore  are  very  generally  found 
in  most  of  the  copper  ores.  It  may  be  very  easily  extracted  from  the  coarse 
residuary  matters  found  after  the  separation  of  all  the  soluble  constituents  of 
the  sulphate  ash,  and  of  the  light  peroxide  of  iron.  No  other  process  will 
compare  with  this  for  efficiency  in  resolving  all  the  constituents  of  sulphor 
copper  ores  into  valuable  useful  products. 

A.  Parkes,  in  a  patent  sealed  June  1 1th,  1850,  describes  a  circular  rever* 
beratory  furnace,  with  two  or  more  beds  or  soles  over  each  other,  with  a 
central  shaft  carrying  asms  holding  rakes,  which,  revolving,  serve  to  turn 
over  or  rabble  the  charge  of  ore,  and  gradually  transfer  it  from  the  top  bed, 
on  to  which  the  ore  is  fed  by  a  hopper,  to  the  next  one  below;  and  so  on, 
until  the  charge,  as  the  calcination  is  completed,  is  turned  out  of  the  furnace. 
A  much  better  plan,  obviating  the  manifest  difficulty  of  maintaining  the  shaft 
and  arms  in  repair,  is  to  adopt  Brunton's  calciner,  which  is  a  circular  rever- 
beratory  furnace  of  only  one  bed  or  sole,  which  is  supported  on  a  perpen- 
dicular shaft.  A  rack-work  on  the  under  edge  of  the  sole  affords  the  means 
of  revolving  the  table  by  the  motion  of  a  cog-wheel  working  in  it,  driven  by 
machinery  of  very  small  power.  This  calciner  was  invented  for  the  roasting 
of  tin  ores,  and  has  been  almost  exclusively  applied  to  that  purpose,  for 
which  it  has  answered  veiy  well;  and  it  would,  doubtless,  be  equally  valu- 
able for  the  calcination  of  copper  and  of  other  ores. 

M.  Tiipier  obtained  a  patent  in  France,  October  10, 1844,  which  appears 
to  have  been  copied  by  A.  Trueman  in  a  patent  sealed  October  7, 1862, 
wherein  it  is  proposed  to  treat  the  ores  of  copper  containing  oxides  and  car- 
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bonates  alone  without  sulphurets,  or  sulphnrets  converted  into  oxides  by 
roasting,  with  miuiatlc  or  sulphuric  acid,  precipitating  the  copper  thus  taken 
into  solution  with  muriate  of  lime  and  milk  of  lime.  The  difficulty  of  ob- 
taining suitable  yessels  to  withstand  the  action  of  the  acids  is  too  great  to 
allow  of  this  plan  being  carried  out  on  the  large  scale ;  the  same  objection 
is  applicable  to  the  various  devices  patented  for  the  precipitation  of  copper 
in  solution  by  galvanic  agencies,  such  as  Napier's  patent,  bearing  date  of 
sealing  March  2nd,  1847;  A.  Wall,  December  18th,  1844;  A.  Crosse,  August 
26th,  1852;  and  W.  H.  Bitchie,  October  10th,  1844.  ~ 

J.  Swindells,  in  his  patent  of  November  I4th,  1850,  proposes  to  reduce 
sulphur  ores  of  copper  to  oxides  by  calcination,  and  then  to  separate  the 
copper  and  silver  by  dissolving  them  out  with  ammonia.  For  the  use  of  a 
variety  of  fluxes  or  of  peculiar  assortments  of  ores,  the  following  patents 
have  been  obtained ;  but  the  advantages  resulting  from  them  have  not  been 
80  great  as  to  becoiike  of  public  interest.  Reference  is  here  made  to  them 
for  the  purpose  of  facilitating  further  investigation  of  their  character. 

De  Sussex,  March  2drd,  1847,  employs  with  the  sulphur  ores  of  copper, 
siliceous  sand,  carbonaceous  matters,  nitrate  of  soda,  soda  ash,  and  fluor 
spar. 

J.  J.  Hill,  March  0th,  1850,  uses  with  the  ores,  galena,  or  carbonate  or 
sulphate  of  barytes  or  of  strontian,  and  also  oxygen  gas. 

A.  Parkes,  September  11th,  1851,  uses  iron  or  zinc  in  refining  white 
metal. 

Napier's  process  has  been  worked  on  the  large  scale  m  Wales ;  it  has  for 
its  object  the  reduction  of  the  ten  operations  ordinarily  employed  to  one-half 
the  nxunber.  In  the  first  place,  the  ores  are  selected  and  mixed  so  as  to 
contain,  as  nearly  as  possible,  all  the  constituents  necessary  for  the  pro- 
duction of  a  perfect  fusion  of  the  whole  with  facility.  The  raw  ore  is  first 
roasted  in  the  ordinary  calcining  furnace,  to  draw  off  all  the  volatile  matters 
as  nearly  as  possible,  and  to  oxidize  the  remaining  metallic  constituents. 
The  roasted  product  is  introduced  into  a  reducing  furnace,  and  exposed  to 
sufficient  heat  to  produce  perfect  fusion.  The  slags  are  then  skimmed  off, 
and  soda  ash  or  sulphate  of  soda  is  thrown  into  the  fdmace  on  the  melted 
matt.  If  sulphate  of  soda  is  used,  it  is  employed  in  the  proportion  of  one  to 
one  and  a  Kalf  cwt.  to  the  ton  of  regulus ;  twenty  to  thirty  lbs.  of  fine  coal 
should  be  mixed  with  it  before  it  is  thrown  in.  As  soon  as  the  salt  cake  is 
fused,  it  should  be  well  mixed  over,  to  produce  complete  decomposition  with 
the  production  of  soda.  After  being  well  mixed  with  the  charge,  and  allowed 
to  stand  for  a  few  minutes,  to  restore  the  heat  lost  by  the  opening  of  the 
furnace  and  the  turning  of  the  charge,  the  furnace  is  tapped,  and  the  charge 
allowed  to  run  out  into  sand  moulds.  As  soon  as  the  blocks  are  solidified, 
and  while  still  veiy  hot,  they  are  thrown  iuto  a  tank  of  water,  where  they 
immediately  crumble  down  iuto  a  sandy  mass,  which,  after  being  well  washed, 
is  removed  to  a  calcining  furnace,  and  there  exposed  to  a  roasting  for  twenty- 
four  hours,  or  until  aU  the  sulphur  is  as  nearly  as  possible  expelled.  The 
product  of  this  third  operation  is  next  mixed  with  oxide  or  carbonate  of 
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copper,  assodflted  with  much  siliceous  matters,  and  with  some  carbonaceoas 
matters,  snch  as  coal  or  anthracite,  in  powder.  The  charge  is  put  into  a 
reducing  furnace,  and,  in  the  course  of  six  or  eight  hours,  it  is  again  reduoed 
to  a  fluid  mass.  The  iron  and  silica  enter  into  combination  with  each  oliier, 
being  products  of  a  slag  veiy  free  from  adnuzture  of  copper,  and  metallic 
copper.  The  product  of  this  fourth  operation  is  equal  in  quality  to  the  whUe 
metal  of  the  ninth  operation,  and  has  only  to  undergo  the  refining  proeesB  of 
the  tenth  operation  to  be  rendered  fit  for  the  market. 

The  metal  obtained  is  said  to  be  of  better  quality  than  that  produced  by 
the  old  plan,  in  consequence  of  the  sulphide  of  sodium  produced  in  the 
second  operation  having  dissolyed,  when  in  contact  with  water,  the  arseiiie, 
tin,  and  antimony  contained  in  the  ore,  and  thus  removed  these  bodies  in 
solution.  "When  the  slags  of  the  second  and  fourth  operations  do  not  appear 
to  be  sufficiently  fluid,  a  small  quantity  of  slacked  lime  and  common  salt  is 
added  with  good  effect. 

Bankart  obtained  a  patent,  August  7th,  1845,  which  has  been  worked  on 
an  extensive  scale  near  Swansea.  The  process  consists  in  first  reducing 
sulphur  ores  of  copper  to  fine  powder,  roasting  them  at  a  low  red-heat  in  a 
calcining  frimace,  by  which  means  a  large  quantity  of  sulphurous  acid  gas 
is  evolved;  but  another  portion  of  the  sulphur  becomes  fiilly  oxidated,  is 
converted  into  sulphuric  acid,  and  combines  with  the  oxidized  copper,  pro- 
ducing the  sulphate  of  copper,  which  is  soluble  in  water.  The  calcined 
product  is  put  into  vats  containing  boiling  water,  which,  percolating  through 
the  mass,  dissolves  out  the  blue  vitriol  or  sulphate  of  copper,  leaving  the 
oxide  of  iron,  undecomposed  sulphurets,  and  siliceous  matters  behind.  These 
residua  are  again  calcined,  with  a  suitable  proportion  of  the  raw  ore  mixed 
with  them.  Through  the  agency  of  the  water  about  the  ore,  and  of  the  per- 
oxide of  iron  produced  in  the  first  calcination,  less  sulphurous  add  is 
evolved  and  more  sulphuric  acid  produced,  in  combination  with  copper,  In 
this  second  operation.  After  suitable  calcination,  the  charge  is  drawn,  and 
lixiviated  in  boiling  water  as  before.  Copper,  in  the  metallic  state,  is  pre- 
c^itated  from  solution  by  the  immersion  of  metallic  iron,  or  it  may  be 
predpitated  in  the  form  of  an  oxide  with  a  solution  of  soda  ash,  or  by  the 
addition  first  of  muriate  of  lime,  producing  chloride  of  copper  and  sulphate 
of  lime,  which  is  precipitated.  The  solution  of  chloride  being  run  off  from 
the  predpitate,  the  oxide  of  copper  may  then  be  predpitated  with  milk  of 
lime.  The  precipitated  oxide  may  be  collected  and  well  washed,  to  remove 
any  adhering  saline  matters ;  it  is  then  pressed,  and  frised  in  crudbles  or  in 
a  furnace,  with  a  small  quantity  of  carbonaceous  matter  suffident  to  absorb 
the  oxygen  in  combination  with  the  metal,  in  order  to  produce  metallic 
copper  of  the  very  best  quality. 

A  very  curious  source  of  cqpper  was  brought  uiider  public  notice  by 
Mr.  W.  J.  Henwood,  in  a  paper  read  before  the  Royal  Institution  of  Corn- 
wall, October  dl ,  1856.  In  several  places  in  Merionethshire  in  North  Wales, 
there  are  peat  bogs  impregnated  with  so  much  copper  as  will  pay  for  ex- 
traction.   The  most  extensive  formation  of  this  character  is  at  Dolfrwynog, 
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where,  aboat  forty  years  since,  seventy  acres  of  the  bog  were  worked  up.  In 
order  to  obtain  the  copper,  the  peat  was  cnt,  dried,  and  slowly  bamt,  so  as 
not  to  produce  sufficient  heat  to  slag  the  ashes,  which  were  collected  after  all 
the  carbonaceous  matter  was  as  completely  burnt  out  as  possible.  In  this 
manner  the  whole  of  the  copper  diffused  through  the  ton  of  peat,  was  con- 
centrated within  the  hundredweight  of  ashes,  supposing  the  quantity  pro- 
duced by  the  burning  of  the  peat  to  be  equal  to  five  per  cent.  It  is  said  that 
in  one  year  2000  tons  of  ashes  were  sold  at  a  profit  of  about  jB20,000. 
Similar  turbaries  are  found  near  the  Paiys  and  Mona  copper  mines  in 
Anglesea. 

Although  there  are  but  few  copper- smelting  works  on  the  Continent,  yet 
the  processes  employed  are  deserving  notice,  on  account  of  their  admirable 
adaptation,  in  many  instances,  to  peculiarities  of  character  of  ores,  the  quality 
of  fuel  obtainable,  and  of  the  other  means  at  disposal  for  carrying  on  the 
operations.  Thus,  at  Mansfield,  in  Germany,  a  peculiar  process  has  been 
adopted  for  the  treatment  of  the  copper  slates,  or  kupferschiefer,  of  the  dis-' 
trict,  the  character  of  which  is  shown  in  the  following  analysis  by  Berthier : 

Silica 40-0 

Alumina 10*7 

Peroxide  of  iron 60 

Carbonate  of  lime 19*5 

Carbonate  of  magnesia          ....  6*6 

Oxide  of  copper 2*0 

Sulpburet  of  copper 60 

Water  and  bituminouB  luattur                .        .  10*3 

100*0 
These  schists  vary  much  in  constitution,  but  generally  contain  not  more 
than  from  two  and  a  half  to  six  per  cent,  of  copper,  with  a  very  small  pro- 
portion of  silver.  There  is  also  generally  some  iron  pyrites  difiused  through- 
out the  mass  in  minute  crystals.  In  order  to  drive  off  as  much  sulphur  as 
possible,  to  get  rid  of  the  bituminous  matter  present,  to  oxidize  the  metallic 
constituents,  and  to  prepare  the  earthy  constituents  for  the  subsequent 
operations,  the  schist  is  collected  into  heaps  of  from  100  to  200  tons,  so  dis- 
posed as  to  have  flues  or  draft-holes  passing  through  them,  in  order  to  facili- 
tate the  combustion  of  the  mass,  which  is  maintained  by  the  bituminous 
matters  of  the  ore  for  fifteen  or  twenty  weeks.  Some  wood  is  interstratified 
in  the  heap  to  facilitate  the  combustion.  When  the  calcination  is  com- 
plete, the  bulk  of  the  ore  is  reduced  by  about  one-tenth,  and  the  weight  by. 
about  one-eighth.  It  becomes  of  a  dirty  grayish-yellow  colour,  and  of  a 
very  friable  texture.  After  being  mixed  with  a  suitable  proportion  of  flux, 
consisting  principally  of  fluorspar,  and  of  slag  from  the  same  operation, 
it  is  thrown  into  a  blast  or  cupola  furnace  with  coke,  or  a  mixture  of  coke 
and  charooaL  The  front  elevation  and  vertical  section  of  the  furnace  are 
shown  in  Figs.  143  and  144.  By  the  maintenance  of  the  blast,  the  mixture 
is  fused,  and  passes  through  the  friel  to  the  bottom  of  the  furnace,  whence  it 
is  allowed  to  rttn  out  into  basins  sunk  into  the  external  hearth.    The  matt, 
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containing  nearly  the  whole  of  the  copper,  mnke  to  the  bottom  of  the  baain, 
and  the  ailiceons  slag  is  from  time  to  time  raked  off.  In  this  manner  about 
four  tons  are  melted  away  every  twenty-four  honrs,  yielding  eight  to  twelve 
per  cent  of  matt,  containing  thirty  to  forty  per  cent,  of  copper.  The  slag, 
which  sometimes  contains  as  much  as  ten  per  cent,  of  copper,  is  melted  over 
again,  to  obtain  more  matt,  in  which  all  the  copper,  as  nearly  as  possible, 
shall  be  concentrated ;  and  the  fused  slag  separated  from  the  matt  is  nm 
into  moulds,  for  the  formation  of  bricks  and  blocks  for  building  houses,  walls, 
and  for  constructing  pavements.  The  matt  produced  in  the  first  operation 
contains  sulphurets  of  copper,  and  of  iron,  zinc,  cobalt,  nickel,  arsenic,  and 

silver.  It  is  roasted  eitiier 
in  heap  or  in  kiln,  with 
wood  or  charcoal,  three 
successive  times,  the  opera- 
tion lasting  about  four 
weeks ;  or,  according  to  a 
more  recent  improvement, 
the  calcinations  are  ef- 
fected in  a  reverberatozy 
furnace,  precisely  similar 
in  construction  to  that  em- 
ployed for  tkb  first  opera- 
tion of  the  English  process. 
By  these  successive  roast- 
ings,  some  sulphur  is  ex- 
pelled, most  of  the  arsenic 
is  volatilized ,  and  some  sul- 
phate of  copper  is  pro- 
duced, which  by  lixiviation 
is  separated.  By  evapora- 
tion, the  solution  thus  ob- 
tained is  concentrated,  and 
the  sulphate  of  copper  is 
procured  as  blue  vitriol  in 
the  crystalline  form.  The 
residuaiy  roasted  matt  is 
fused  in  another  cupola 
with  some  ore  cinder,  and 
another  matt  is  produced 
containing  fiity  to  sixty 
per  cent,  of  copper,  and 
sulphurets  of  copper,  iron,  and  silver.  This  concentrated  matt  (spurstein)  is 
obtained  in  the  proportion  of  forty  to  sixty  per  cent,  of  the  roasted  matt 
A  single  iurnace  will  run  down  from  thirty  to  forty  hundredweights  of  the 
matt  in  twenty-four  hours. 
The  spursteiu  is  m  ixed  with  a  proportion  of  the  matt  of  the  first  frision. 


Fig.  143. 
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and  is  roasted  six  successive  times  in  a  kilnf  or  with  the  expenditore  of  very 
much  less  time  in  the  reverberatory  furnace,  as  before  described.  If  done  m 
the  old  way,  the  six  calcinations  occupy  about  seven  to  eight  weeks.  After 
the  calcination  in  the  reverberatory  famace,  or  after  each  of  the  series  of 
calcinations  in  the  kilns,  the  charge  when  drawn  is  lixiviated,  for  the  separa- 
tion of  the  soluble  sulphate  of  copper,  as  before.  It  is  now  known  as  gahrrost, 
having  a  bright  red  colour  and  a  granular  fracture.  It  consists  principally 
of  oxide  of  copper,  n^th  some  ^_^ 

metallic  copper,  some  iron,  and  /  /V^^::=^1 

but  a  smaU  proportion  of  sul- 
phurets.  It  is  again  mixed  with 
a  small  quantity  of  slag,  the 
product  of  former  operations,  and 
is  smelted  in  a  smaller  cupola 
famace,  through  which  three  to 
four  tons  of  the  gahrrost  is 
passed  in  the  twenty-four  hours. 
The  products  are  black  copper, 
a  rich  matt  called  dunnstein, 
and  a  slag.  The  black  copper  is 
obtained  in  the  proportion  of  one 
quarter,  and  the  dunnstein  in 
that  of  one-sixth.  The  black 
copper  is  found  at  the  bottom  of 
the  basin,  the  dunnstein  over  it, 
and  the  slag  on  the  top  of  all. 
The  slag  is  skimmed  off,  the 
crust  of  dunnstein,  as  soon  as 
sufficiently  solid  from  cooling,  is 
separated,  and  finally  the  black 
copper  is  taken  off  iu  thin  cakes 
the  size  of  the  basin,  produced 

by  throwing  cold  water  on  the  I  i 

surface,  and  removing  the  cooled  :' —  "i 

portion  with  an  iron  bar;   the  ' 

cooling   and  removals  are  re-  Fig.  144. 

peated  until  the  contents  of  the  basin  are  exhausted.    While  the  one  basin 

is  being  emptied,  the  other  is  being  filled  from  the  cupola. 

The  black  copper  obtained  from  the  Mansfeld  copper  schists  generally 
contains  silver  in  quantities  varying  from  80  to  200  ounces  to  the  ton.  The 
constituents  are  as  follow : — 

Copper 96*0 

Iron 3*5 

Sulphur 1*0 

Antimony,  silver,  £inc,  &c.      .        .  '6 
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The  matt  and  the  slags  ai9  sorted  and  used  over  again  in  the  varioiu 
operations  prerionsly  described.    Although  the  operations  involyed  in  the 
Mansfeld  process  are  so  veiy  different  in  appearance  from  the  operatioiis 
employed  in  the  English  process,  yet  the  principles  are  the  same;  tha  ob- 
ject in  both  cases  being  to  CTolve  by  heat  all  substances  capable  of  being 
Tolatilized,  at  the  same  time  producing  snch  an  oxidation  of  the  non-volalile 
constitaents  as  will  best  suit  the  conditions  necessary  for  effecting  the  com- 
bination of  them  with  the  earthy  matters  present,  so  gradually — ^firat  sepaniting 
all  the  earthy  matters  with  some  of  the  metallic  oxides,  then  erolving  the 
iron  by  bringing  back  sUiceons  matters  to  act  as  the  solyent,  tfaroughont  iha 
whole  series  of  operations  making  the  sulphur,  in  combination  with  the 
copper,  play  the  important  part  of  rendering  the  copper  so  much  more  fusible 
than  the  other  metallic  oxides  and  earthy  matters, — that  when  they  are  all 
melted  together,  the  sulphuret  of  copper,  by  its  greater  specific  gravily,  fiBills 
to  the  bottom,  and  is  thus  at  once  permanently  obtained  in  a  separate  con- 
dition from  all  the  waste  constituents  of  the  original  ore.    Finally,  in  both 
instances  the  means  are  adopted  for  removing  the  hitherto  useful  sulphur, 
together  with  any  residuary  traces  of  other  metals.  The  principal  diffecenoee 
in  the  operations  are,  that  in  the  English  process  large  rererberatory 
furnaces  are  employed,  without  any  mechanical  aid,  in  the  production  of 
the  necessary  heat ;  while  in  the  Monsfeld  process,  when  great  heats  are 
required,  they  are  obtained  by  the  employment  of  small  cupola  furnaces,  in 
which  the  heat  is  produced  with  the  assistance  of  a  blast.    On  dose  com- 
parison of  the  processes,  it  is  found  that,  while  the  Mansfield  process  is 
characterised  by  the  expenditure  of  a  large  amount  of  time  and  of  Labour, 
with  economy  of  fiiel,  the  English  process  is  distinguished  by  great  economy 
of  time  and  labour,  with  a  comparatively  large  expenditure  of  Aid.    It  does 
not  hence  follow  that  in  either  case  the  one  process  is  to  be  considered 
superior  to  the  other,  because  each  is  best  suited  to  the  locality  and  circum- 
stances imder  which  it  is  conducted.     In  Mansfeld,  economy  of  fuel  is 
a  greater  desideratum  than  that  of  labour  or  of  time ;  in  Wales,  fuel  is  bo 
cheap  that  economy  of  labour  and  of  time  is  of  very  much  greater  importance. 

Wlien  the  black  copper  contains  sufficient  silver  to  pay  for  extraction,  it 
is  subjected  to  a  process  of  liquation;  which  consists  in  the  sylliquation 
or  melting  together  in  a  cupola  furnace  of  the  black  copper,  with  lead  or 
litharge,  containing  silver,  in  the  proportion  of  one  part  of  black  copper  with 
four  parts  of  lead.  As  the  alloy  is  melted,  it  is  drawn  off  from  the  furnace, 
and  cast  in  iron  moulds  into  loaves,  or  large  dishes  thirty  inches  in  diameter 
and  seven  inches  thick.  When  the  furnace  is  charged,  the  weight  of  black 
copper  in  small  pieces  is  first  put  in  on  the  fuel ;  the  proportion  of  litharge 
or  metallic  lead  is  then  added,  and  on  it  anotlier  charge  of  tael,  consisting 
of  coke  or  charcoal.  The  fusion  takes  place  rapidly  on  the  blast  being  set 
on,  a  loaf  being  cast  away  every  ten  minutes.  Any  slag  formed  is  skimmed 
off  from  the  basin  or  crucible  into  which  the  charge  is  run,  before  it  is  ladled 
out  into  the  moulds.  The  sylliquation  furnace  is  a  low  blast-furnace  about 
four  feet  high,  two  feet  wide  at  the  tuyere,  or  from  front  to  back,  three  feet 
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across  in  the  other  direction,  and  opening  slightly  in  the  upper  part.  The 
tuyere  projects  three  or  four  inches  into  the  furnace,  having  a  downward 
direction,  the  bottom  of  the  furnace  sloping  from  the  tuyere  to  the  teasing- 
hole  or  eye  of  the  furnace  in  the  front  of  it.  The  furnace  is  nearly  of  the 
same  construction  as  that  shown  in  Figs.  189  and  140  (page  541),  which  is 
used  for  the  first  smelting  of  the  raw  ore.  In  apportioning  the  materials  for 
the  charges  for  the  sylliquation  process,  it  is  of  great  importance  to  have 
neither  too  much  nor  too  little  lead.  If  too  much  lead  be  used,  it  will  cause 
the  whole  mass  in  the  subsequent  operation  of  eliquation  to  run  down; 
whereas  the  object. is  to  wash  out  the  silver  from  the  copper,  leaving  the 
copper  in  a  porous  condition,  retaining  the  original  form  of  the  loaf.  If  an 
insufficient  quantity  of  lead  be  employed,  a  portion  of  the  silver  will  be  left 
behind.    The  best  proportions  are  about — 


Silver 


1 

150 
512 


Each  loaf  will  weigh,  about  8  J  cwt.  663 

The  eliquation  process  is  conducted  either  in  the  reverberatory  furnace, 
shown  in  the  annexed  Figs.  145  and  146,  or  on  an  open  hearth,  as  shown  in 
Figs.  147  and  148.  In  the  reverberatory  furnace, the  loaves  are 
set  on  edge  on  slightly- inclined  plates  of  cast-iron,  as  seen  at  H. 
The  heat  frt)m  the  fire-place  B ,  passing  over  tlie  loaves,  causes 
the  melting  of  the  lead,  which  rims  down  on  the  cEistiron 
plates,  and  thence  into  a 

the  chambers  G  below, 
where  a  channel  is  pro> 
vided  for  conducting  the 
liquid  metal  into  a  suit- 
able receiver;  whence  it 
is  filled  out  into  moulds 
of  a  suitable  size  for  sub-  ^'^^*  ^  ^^ 

sequent  operations  on  the  argentiferous  silver,  for  the  extraction  of  the 

silver.      In   the  open 
hearth  (Figs.  147 
148),    the    loaves 


The  loaves  being  cov- 

*  ered  with  charcoal,  and 

thick  plates  of  iron  laid  over  all,  the  fire  is  lighted;   and  as  the  fuel 

surrounding  the  loaves  is  consumed,  the  lead  is  eliquated,  falls  down  on 
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the  iron  plates,  thence  into  the  chamber  below,  and  on  into  the  iron  basin  B, 
whence  it  is  filled  out  into  the  moulds  C. 

In  the  large  reverberatory  furnace,  sixty  loaves  are  treated  at  once ;  in 
the  smaller  open  hearth,  only  six  are 
operated  on  at  one  time.  In  the  eli- 
quation  furnace,  the  whole  of  the  silver 
lead  is  not  obtained  from  the  copper, 
as  a  much  stronger  heat  is  necessary 
for  the  extraction  of  the  last  traces  of 
lead,  and  with  it  those  of  silver.  To 
remove  these,  the  eliquated  copper  is 
removed  to  another  furnace,  for  tlic 
darring  or  sweating  operation.  Tliis 
furnace  is  sufficiently  large  to  take 
about  120  eliquated  loaves  at  a  time  ; 
it  is  a  sort  of  reverberatory  furnace, 
the  fuel  of  which  is  wood,  being  burnt 
in  flues  under  the  sole  on  which  the 
charge  is  laid,  the  flame  rising  up 
at  one  end  of  the  furnace,  passing 
over  the  charge,  and  tlience  to  the  *^ 


Fig.  147. 

chimney.  The  sole  has  a  slight  inclination 
to  carry  oif  the  melted  lead  as  it  fidls  out 
of  the  copper.    The  heat  is  maintained 
briskly,  until  the  droppings  begin  to  as- 
sume a  reddish  coppeiy  appearance ;  the 
fuel  is  then  withdrawn,  and  the   coarse 
copper   is    taken  out   and  thrown  into 
water.    This  operation  takes  about  twelve 
hours ;  the  coarse  copper  has  then  to  be 
refined.     The    process    adopted    in  the 
English  smelting  works  has  already  been 
described;   but  as  many  different  opera- 
tions  are   employed   elsetvhere   for  this 
purpose,  they  here  require  to  be  noticed. 
Tu  Germany,  the  refining  is  conducted  in  a  circular  reverber- 
atory furnace,  provided  with  a  blast,  produced  either  by  a  double 
s»  t  of  bellows,  or,  better  still,  by  cylinders.     The  furnace  is 
made  sufficiently  large  to  hold  fifty  cwt.  of  coarse  copper  at  a 
time.    The  pieces  of  coarse  copper  are  piled  in  tie  furnace  one  over  another, 
leaving  only  sufficient  room  for  the  current  of  heated  gases  passing  through 
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the  furnace  from  the  fire-place  to  permeate  the  masB.  As  soon  as  the 
chargmg  of  the  fomace  is  completed,  it  is  carefully  closed  up.  The  furnace 
is  slowly  heated,  taking  six  hours  to  bring  it  to  a  red-heat :  this  slowness  is 
necessary  only  when  tiie  bed  of  the  fiimace  has  been  newly  repaired.  When 
in  regular  course  of  work,  only  two  to  three  hours  are  required  for  this 
purpose.  At  the  end  of  this  time  the  blast  is  put  on,  the  coarse  copper 
gradually  becomes  pasty,  then  slowly  liquefies,  until  the  whole  mass  is 
melted  in  about  six  hours  from  the  time  of  setting  on  the  blast.  During  this 
time  a  charcoal  fire  is  kept  up  in  the  receiving  basin,  for  the  purpose  of 
getting  it  sufficiently  hot  to  receive  the  liquefied  metal.  A  small  fire  is 
also  maintained  around  the  tap-hole.  Shortly  after  the  charge  is  perfectly 
fused,  the  working-door  is  opened,  a  shovelful  or  two  of  moistened  ashes 
are  thrown  over  the  surface  of  it  for  the  purpose  of  chilling  the  slag,  which 
is  then  removed  with  an  iron  rake.  The  fiimace  is  again  closed.  The  slag 
removed  contains — 

Silica         .;.....  27*5 

Protoxide  of  iron 57 '9 

Deutoxide  of  copper 2'0 

Alumina 1'3 

Sulphur     .        : 4*2 

Iron 6-8 

99-7 
The  refiniiig  now  commences.  The  blast  is  thrown  down  on  the  surface  of 
the  copper,  and  immediately  oxidation  commences,  producing  scoria,  which 
is  removed  from  the  surface  of  the  metal  as  it  is  slowly  formed,  so  as  to  allow 
of  the  constant  action  of  the  air.  This  operation  continues  four  to  five  hours. 
The  first  scoria  produced  consists  of— 

Silica 13-0 

Protoxide  of  iron     ....     75'0 
Deutoxide  of  copper         .        .        .3*5 

Sulphur 2*5 

Alumina 0-2 

Iron 4*2 

98-4 
The  second  scoria  contains — 

Silica 26-2 

Protoxide  of  iron    .         •        .         .66*0 
Oxide  of  copper      ,         .        .        .4*0 

Sulphur 1*3 

Iron 2*2 

99-7 

"When  the  formation  of  the  scoria  ceases,  the  whole  of  the  iron  will  havei 

been  separated,  and  only  a  small  quantity  of  sulphur  is  left  in  combination. 

The  continuous  action  of  the  blast  converts  the  sulphur  by  oxidation  into 

sulphurous  acid,  which  passes  off  first  in  tubbles,  rising  through  the  metal 
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to  the  surface  here  and  there ;  these  increase  in  number  gradually,  until  the 
whole  mass  is  in  a  Tiolent  state  of  ebullition ;  and  although  the  heat  be 
maintained,  it  gradually  ceases.  The  working  of  the  metal  ceases  with  the 
eyolution  of  the  last  portions  of  sulphur.  As  tiie  operation  proceeds,  sample 
are  taken  from  time  to  time  by  dipping  a  rod  hfdf  an  inch  in  diameter, 
polished  and  rounded  at  the  end,  through  the  tuyere  hole  into  the  bath  of 
metal,  withdrawing  it  quickly,  and  plunging  it  into  water.  The  piece  of 
copper  suiTounding  the  end  of  the  rod  is  broken  off  with  a  hammer.  Acoord- 
ing  to  the  different  stages  of  the  process  at  which  the  samples  are  taken*  so 
are  they  characterised  as — 

1.  After  the  first  skimming  off  the  scoria,  it  is  smooth,  pale 

red,  spotted  with  black,  brittle,  blackish-red  in  Ihe  frac-  iron.  Sni.     Ox. 
ture,  and  contains 60     1*1     0*0 

2,  An  hour  later,  rough,  dull  red,  spotted  with  gray  and  brass 

yellow,  brittle,  of  a  clearer  red  in  the  fracture,  and 

contains 30     05     0*0 

8.  Two  hours  later;  surfiuse  rugged,  reddish-violet,  spotted 
with  gray,  less  brittle ;  the  fracture  of  a  clearer  red,  and 
containing 1*2    0*5     00 

4.  At  the  commencement  of  Ihe  worhing  of  the  metal ;  surface 

rugged,  reddish-violet,  malleable,  and  containing    .        .   00    0*4     0*3 

5.  At  the  end  of  the  working ;  mammillated,  porous,  deep  red, 

malleable,  pure  copper,  red  in  the  fracture       .        .        .   0*0    0*0     0*6 

6.  At  the  moment  of  tapping  the  furnace,  the  test  sample 

taken  is  mammillated,  smooth,  presenting  a  few  cavities 
on  the  surface,  of  a  beautiful  carmine  red,  or  of  a  vety 
bright  blood-red  colour,  slightly  malleable,  tearing  under 
the  hammer ;  the  fracture  of  a  pure  copper  red,  with  a 
tint  of  carmine,  containing 0*0    00    0*8 

When  the  charge  has  attained  the  degree  indicated  by  the  last  test,  the 
furnace  is  tapped,  and  the  liquid  metal  is  allowed  to  run  out  into  the  basins 
which  have  been  prepared  by  maintaining  a  fire  in  them.  The  fuel  is 
removed  from  the  surface  of  the  metal  with  the  scoria ;  and  when  quite  dean 
from  skimming,  the  surface  is  covered  with  a  sort  of  smoke,  produced  by  the 
scintillation  of  very  minute  particles  of  the  oxide  of  copper.  To  stop  this 
formation,  the  surface  is  cooled  by  blowing  on  it;  as  soon  as  the  crust  is 
formed,  a  little  water  is  thrown  over  it  to  further  chill  it,  and  produce  a 
sufficiently  thick  cake,  for  removal  to  a  cistern  of  water,  kept  cold  by  a 
running  stream ;  successive  crusts  are  removed  and  cooled  in  this  way  until 
the  basins  are  emptied.  These  discs  are  termed  rosettes;  they  require  to  be 
cooled  in  the  manner  described,  in  order  to  be  brought  to  the  colour 
desirable  for  commercial  purposes.  These  rosettes  are  divided  into  smaUer 
portions  for  the  market.  When  wanted  in  the  form  of  bars,  bolts,  plates,  or 
sheets,  they  are  cast  over  again. 

If,  at  the  momoit  of  tapping  the  furnace,  the  melted  metal  contain  too 
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much  oxide  of  copper,  it  becomes  pasty  and  of  too  deep  a  red  colour,  and  the 
rosette  becomes  too  thick  and  difficult  of  management  in  removal  To  cor- 
rect this  defect,  a  few  pounds  of  lead  are  added ;  the  cakes  of  copper  become 
sufficiently  thin,  without  its  ductiHty  or  malleability  being  affected ;  but  its 
tenacity  is  injured.  One  thousandth  part  of  lead  is  sufficient  to  prevent  the 
copper  being  drawn  into  wire ;  and  it  gives  to  the  copper  the  property  of 
tajmishing  very  rapidly  in  the  air.  The  appearance  of  micaceous  scales  in 
the  test,  when  fractured,  indicates  the  presence  of  oxide  of  copper  or  of  anti- 
mony. The  latter  metal  is  derived  principally  from  the  lead  used  in  the 
sylliquation  process.  As  it  is  very  difficult  to  separate  perfectly,  it  is  of  im- 
portance to  avoid  tlie  use  of  hard  lead  containing  this  metal,  as  the  copper 
produced  from  it  cannot  be  used  either  for  making  sheets  or  wire,  being  too 
hard  and  brittle,  and  of  a  yellowish  colour. 

In  the  cooling  of  the  plates  of  the  rosette  copper,  it  is  necessary  to  be  veiy 
careful  that  the  whole  of  the  metal  be  solidified  before  it  is  put  into  water, 
as  otherwise  dangerous  explosions  may  occur. 

But  a  small  proportion  of  copper  is  used  without  being  alloyed  with  other 
metals ;  as  these  alloys  are  of  great  importance  in  the  arts  and  manufactures, 
we  shfdl  devote  some  space  to  their  consideration. 

Allogrs  of  Copp«s. — Copper  in  the  pure  state  requires  a  great  heat  for 
its  fusion ;  and  when  cast,  has  a  great  tendency  to  become  porous.  This 
may,  to  a  certain  extent,  be  obviated  by  the  use  of  a  small  quantity  of  phos- 
phorus, mixed  into  the  pot  of  metal  when  ready  for  casting,  immedkitely 
before  it  is  poured.  This  effect  is  also  produced  by  the  addition  of  about 
two  per  cent,  of  zinc.  The  metal  is  also  too  soft  alone  for  general  purposes ; 
and  as,  moreover,  it  is  more  costly  than  most  of  its  alloys,  which  will  for 
common  purposes  generally  serve  equaUy  weU,  if  not  better,  its  use  is 
economized  as  much  as  possible.  The  principal  alloys  of  copper  with  other 
metals  are  as  foUow : — 

Allots  of  Coppbb. 


Copper. 


Antique  bronze  sword  .    .    .    . 

Do.    springs 

Bronze  for  statues 

Bo.  for  medals 

Do.  for  cannon 

Do.  for  tamtams  and  cymbals  . 

Do.  for  gilding 

Do.  do 

Speculum  metal 

Brass  for  sheet 

G-ilding  metal  for  jewellery    .     . 

Pinehbeck 

Prince's  metal     .    .    .    .    .    . 

Do.      do 

Dutch  metal 

English  wire 

"    gold 


87*000 
97000 
91-400 
90-000 
90000 
78000 
82-2o7 
80000 
66000 
84700 
72-730 
80000 
76000 
60-000 
84-700 
70-290 
66*000 


Zinc. 


6-630 


17-481 
16-600 

16-300 
27*270 
20000 
26-000 
60000 
16-300 
29*260 
33*000 


Tin.         Lead.    Nickel  Antjr. 


18*000 

3000 

1-700 

10-000 

10000 

22000 

0*238 

2-500 

33-000 


017 


1-370 


0024 
1-000 


0-28        — 


Digiti 


ized  by  Google 


506 


MANUFACTURE   OF  BBA9S. 


Alloys  of  Copper — Continued. 


I  Copper. 


Zinc. 


Tin. 


Lead.   Nickel 


Anty. 


Gun-metal,  for  bearings  of  ma- ) 
chinery  and  steam-cocks,  &c.  ) 

Muntx's  metal  for  sheathing  .     . 

Good  yellow  brass  for  turning ) 
and  filing  for  machinery  .  ) 
Do.        do 

Babbitt's  metal  for  boshing^ 

Bell-metal  for  large  bells 
Do.  for  small  do.  . 

Britannia  metal   .     . 

Nickel-silTcr,  English 
Do.  Parisian 

German-silrer     .    . 


90*300 

60000 

66-000 

80000 

8-300 

80-000 

1-000 
60000 
66000 
60000 


9-670 
40000 
3300 
2000 


200 
17-8 
13-6 
26-0 


003 


8300 
20-00 

81-00 


22-2 
19-3 
25-0 


8.3 
16-0 


The  specific  gravity  of  brass  is  greater  than  the  mean  of  its  constitaents, 
varying  from  7*82  to  8- 73 ;  that  of  copper  being  8- 78,  and  of  zinc  6*86.  The 
density  of  the  tombac  metal,  composed  of  copper  87*6  and  zinc  12'5,  when 
drawn  into  wire,  has  been  found  as  high  as  9*0 

Brass  was  formerly  manufactured  from  copper  in  the  form  of  bean-shot, 
or  clippings,  and  the  oxide  of  zinc,  obtained  by  the  caldnation  of  calamine 
or  carbonate  of  zinc,  mixed  together  with  powdered  charcoal  in  crucibles, 
and  exposed  to  a  strong  white  heat.  By  this  process  a  combination  of  a  greater 
proportion  tlian  28  of  zinc  with  72  of  copper  could  not  be  obtained,  the  pro- 
duct being  known  by  the  French  as  arcol.  If  a  larger  proportion  of  zinc 
were  required  in  the  compound,  it  was  necessary  to  remelt  the  arcol,  and  to 
add  the  proportion  of  zinc  required.  The  proportions  employed  were  equal 
parts  of  calcined  calamine  and  metallic  copper,  with  one-third  of  the  united 
weights  of  powdered  charcoal. 

In  the  year  1781  a  patent  was  obtained  by  James  Emerson,  for  the  manu- 
facture of  brass  direct  from  its  metallic  constituents ;  but  the  old  plan  has 
been  still  pursued  until  a  comparatively  recent  period.  From  the  improve- 
ments that  have  been  maidng  in  the  smelting  of  zinc,  by  which  the  cost  of  this 
metal  has  been  greatly  reduced,  it  has  been  found  much  more  economical  to 
make  brass  entirely  and  exclusively  at  one  operation  from  the  two  metals. 
Instead  of  the  oxide  of  zinc  of  calamine,  the  same  substance,  obtained  by 
the  calcination  of  blende,  black-jack,  or  sulphuret  of  zinc,  was  also  sometimes 
employed. 

Brass  is  manufactured  on  the  large  scale  in  crucibles  heated  in  a  furnace 
whose  diameter  is  about  five  feet ;  its  height,  from  the  sole  to  the  crown,  is 
the  same  as  the  diameter.  Instead  of  fire-bars  to  support  the  fuel,  the  bed  of 
the  furnace  consists  of  an  iron  plate,  on  which  is  a  layer,  about  two  inches 
tliick,  of  refractory  fire-clay,  firmly  beat  down,  but  perforated  with  thirteen 
holes  corresponding  with  similar  holes  in  the  iron-plate.  Through  these 
holes  are  placed  conical  cast-iron  frames,  around  which,  and  level  with  the 
top  of  them,  the  fire-clay  bed  is  laid.    These  frames  are  about  four  inches  in 
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diameter  in  the  clear  below,  and  two  and  a  half  inches  above.  These  serve 
as  draught-holes  for  supplying  the  air  necessary  for  the  consumption  of  the 
fuel  placed  around  the  eight  crucibles  equally  distributed  over  the  sole  of  the 
furnace.  The  moutli  of  the  furnace  is  furnished  with  a  cast-iron  collar,  and 
is  from  twelve  to  sixteen  inches  in  diameter ;  it  is  also  furnished  with  a  fire- 
tile  cover.  Several  of  these  furnaces  are  placed  side  by  side,  so  as  for  their 
flues  to  communicate  with  one  chimney.  The  crucibles  are  best  made  of  the 
same  quality  of  clay,  and  in  the  same  manner,  as  for  glass  making ;  they 
usually  last  from  a  fortnight  to  three  weeks,  if  well  made  and  carefully  used. 
They  contain  from  one  hundredweight  to  one  himdredweight  and  a  quarter 
of  melted  brass.  Either  coal  or  coke  is  used  as  fuel.  When  the  interior  of 
the  furnace,  with  the  charge  of  empty  pots,  has  been  raised  to  a  red  heat, 
each  pot  is  in  succession  taken  out  of  tlie  furnace,  then  charged  with  the 
metal,  and  replaced.  The  furnace  is  filled  up  with  fuel,  and  tlie  heat  main- 
tained until  the  whole  of  the  charge  is  perfectly  melted,  which  it  usually  is 
in  about  three  hours.  The  fused  brass  is  poured  out  into  gi-anite  moulds,  or 
into  open  sand,  for  the  formation  of  the  ingots,  to  be  used  for  remelting. 
Commonly  no  flux  is  employed  in  assisting  the  combination  of  the  copper 
and  the  zinc;  but  in  several  foundries,  the  authors  recommendation  to 
employ  soda  ash,  eitber  alone  or  in  combination  witli  slacked  lime,  has  been 
adopted  with  advantage.  A  few  oimces  only  of  tlie  mixture  is  sufficient  for  a 
pot  of  thirty  to  forty  pounds  of  metal.  When  the  metal  is  required  for 
running  very  thin  castings,  if,  after  the  skimming  of  the  pot,  half  an  oimce  of 
dry  phosphorus  be  rapidly  stirred  in,  castings  may  be  successfully  run  that 
would  otherwise  have  been  very  liable  to  fail.  The  phosphorus  causes  the 
metal  to  become  much  more  liquid ;  and,  when  cold,  to  attain  a  greater  density, 
as  indicated  by  its  specific  gi*avity,  than  it  would  otherwise  have  obtained. 
As  considerable  accumulations  of  skimmings,  turnings,  filings,  &c.,  take 
place  in  foundries,  it  becomes  necessary  to  render  them  available.  This 
is  usually  done  by  washing,  sifting,  &c.,  before  fusing  in  a  crucible  with 
sal-enixum  or  sulphate  of  potash;  but  very  much  of  this  labour  may  be 
avoided,  and  better  results  obtained,  by  at  once  fusing  the  mixture  with  soda 
ash.' 

Brass  is  largely  employed  not  only  for  the  taps,  but  also  for  the  orna- 
ments of  gas-fittiugs.  Some  of  these  ornaments  are  finished  off  in  the 
turning-lathe,  with  the  cliisel,  file,  and  poHshing-tool,  the  finished  surface 
being  protected  with  a  coloured,  or,  better  still,  with  the  best  metal,  if  a  gold 
colour  be  required,  with  a  fine  colourless  lacquer  made  with  spirits  of  wine 
and  gums.  But  otlier  portions,  which  will  not  bear  the  cost  of  tooling  for 
bringing  up  the  surface,  are  cast  up  to  the  required  foim  at  once,  and  the 
required  surfEU^e  produced  most  rapidly  and  ingeniously  by  dipping  the  work 
in  a  bath  of  "  dipping  acid,"  composed  of  nitric  acid,  sulphuric  acid,  and 
muriate  of  ammonia,  or  sal-ammoniac.  The  mixture  should  be  so  strong 
that  only  a  momentary  dip  should  be  sufficient  to  make  the  object  bright  and 
clear,  however  rough  it  may  have  been.  It  should  then  immediately  be  well 
washed  in  cold,  and  finally  in  boiling  water.     It  is  sometimes  dried  off 
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in  warm  bran  or  fine  saw-dust.  The  beautiful  sur£Eu;e  thus  produced  is 
commonly  protected  with  a  covexing  of  lacquer;  but  it  will  for  many  montiis 
withstand  the  ordinary  influences  of  domestic  life  without  such  aid. 

From  the  high  temperature  necessaiy  for  the  fusion  of  copper,  a  con- 
siderable  loss  of  zinc  might  have  been  anticipated  in  the  manufactme  of 
brass,  as  the  latter  metal  is  volatilized  at  a  much  lower  temperature  Uian 
the  fusing-point  of  the  alloy ;  but  the  affinity  of  the  two  metals  for  each  other 
is  such  as,  with  proper  management,  renders  the  loss  inconsiderable. 

If  the  zinc  be  first  melted,  and  copper  plunged  into  it,  the  formation  of 
the  alloy  will  immediately  commence,  without  the  fusion  of  the  copper. 
Copper  plates  and  rods  are  sometimes  pai-tially  converted  into  brass,  by 
simply  exposing  them,  at  a  high  temperature,  to  the  vapour  of  volatilized 
zinc.  Copper  vessels  may  also  be  partially  converted  into  brass  by  boiling 
them  in  dilute  muriatic  acid  vdtti  wine  stone  argol,  or  crude  tartrate  of  potash, 
and  an  amalgam  of  zinc.  The  best  proportions  for  fine  brass  appear  to  be 
those  of  the  chemical  equivalents  of  the  metals, — viz.  2  copper  03*3  X  1  zinc 
32*57,  or  about  two  parts  of  copper  and  one  part  of  zinc. 

For  rolling  into  plates  or  sheets,  and  for  drawing  into  wire,  it  is  necessary 
that  the  brass  should  be  made  exclusively  of  copper  and  of  zinc ;  but  a  better 
metal  for  turning  purposes  is  produced  by  the  admixture  of  about  two  per 
cent  of  lead.  Brass  laminates  well  in  the  rolling- mill  cold,  as  long  as  it  is 
kept  sufficiently  soft ;  but  as  by  lamination  the  metal  hardens  and  becomes 
brittie,  it  is  necessary  to  restore  its  tenacity  by  annealing  in  an  oven  or  re- 
verberatoiy  furnace.  The  same  process  of  annealing  is  necessary  in  the 
manufacture  of  brass  wire,  which  is  obtained  by  drawing  it  through  holes  in 
steel  plates,  polished  carefully  and  adjusted  in  series,  graduated  in  size,  so  as 
not  to  diminish  two  rapidly,  and  thus  render  it  necessaiy  to  employ  so  much 
power  for  drawing  as  would  cause  the  breaking  of  the  wire. 

Brass  is  not  usually  so  prepared  as  to  admit  of  its  being  hammered  out, 
as  is  done  in  the  manufacture  of  copper  utensils ;  but  a  brass-foil  or  Dutch 
metal  of  the  colour,  and  approaching  the  thinness,  of  gold-leaf,  is  manufac- 
tured by  beating  out  thin  sheets  of  brass  with  hammers  worked  by  water- 
power,  making  300  or  400  strokes  per  minute.    Brass  sheathing,  known  as 
Muntz's  metal,  is  now  largely  employed  as  a  substitute  for  copper,  for  cover- 
ing ships'  bottoms ;  a  variety  of  the  same  metal  is  also  used  for  drawing  into 
tubes  for  steam  pipes  and  flues  of  locomotive  boilers.    They  are  much  less 
costiy  than  the  copper  tubes  ordinarily  employed  for  these  purposes.    In  all 
the  various  white  metallic  alloys  used  for  domestic  utensils — such  as  German  I 
silver,  nickel  sHver,  britannia  metal,  &c.,  whether  intended  to  be  used  as   i 
they  are,  or  as  the  basis  for  covering  with  silver  by  electrotype  processes  | 
— copper  forms  the  most  important  constituent. 
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CHAPTEE  XXVni. 

TIN,  ITS  ALLOYS  AND  SYNONTMES. 

Synonymes:  Etain,  Frr,  Zinn,  Qer,;  Stannnin,  Jupiter.— As  it  is  most 
easily  obtainable  from  the  pure  native  oxide,  Tvith  the  aid  of  heat  and  char- 
coal alone,  it  was  early  knotm  to  the  ancients.  It  is  spoken  of  by  Moses ;  it 
Tras  obtained  by  the  Phoenicians  from  Great  Britain,  and  from  Spain.  It 
much  resembles  titanium  in  its  chemical  properties,  the  corresponding  com- 
pounds of  the  two  metals  being  isomorphous. 

Tin  Mining. — Tin  in  its  refined  state  has  a  colour  and  lustre  approach- 
ing  to  that  of  silver,  but  is  slowly  tarnished  by  exposure  to  the  atmosphere. 
It  is  harder  than  lead,  very  msJleable,  and  may  be  laminated  into  foil  or 
leaves  of  tin  of  exceeding  thinness,  but  cannot  be  drai;v-n  into  wire.  Bubbed 
or  otherwise  subjected  to  friction,  it  exhales  a  peculiar  odour,  and  coxmuuni- 
cates  to  the  tongue  an  unpleasant  taste.  Bods  or  strips  of  pive  tin  are  flexible, 
but  devoid  of  elasticity :  tlie  bending  of  thick  bars  produces  a  crackling 
sound,  as  if  fibres  of  metal  were  being  slidden  over  each  other — ^probably 
occasioned  by  the  disturbance  of  the  constituent  ciystals. 

According  to  Kupfier,  tin  melts  at  446'';  Crichton  makes  it  442"*  Fah.  In 
close  vessels  it  bears  high  temperatures  without  volatilization  or  sensible 
loss.  It  boils  at  a  white  heat ;  its  specific  gravity  is  7*291,  but  may  be  in- 
creased to  7*802  by  condensation  of  the  particles. 

Heated  to  redness  in  contact  with  atmospheric  air  or  free  oxygen,  it  loses 
its  metallic  lustre,  rapidly  passing  into  the  gray  protoxide ;  by  continuing 
the  operation,  the  tin  absorbs  a  further  equivalent  of  oxygen,  and  is  converted 
into  a  yellowish-white  powder,  the  peroxide,  more  commonly  termed ''  putty" 
of  tin.  The  protoxide  consists  of  tan  87*64,  oxygen  1266  =:  10000;  the 
peroxide  of  tin  78*61,  and  oxygen  21*89  =  100*00.  In  its  pure  state,  tin  is 
scarcely  acted  upon  by  dilute  acids  and  reagents.  Kitric  acid  of  moderate 
strength  acts  upon  it ;  not  dissolving  it,  but  converting  it  into  a  white  powder, 
with  energetic  action  and  evolution  of  heat. 

The  applications  of  the  metal  in  the  arts  are  exceedingly  numerous.  The 
tinning  of  iron  plates  and  hollow  ware  goods,  generally  for  domestic  pui^ses, 
is  one  important  application.  Bronze  and  gun-metal  owe  much  of  their 
valuable  properties  to  its  presence.  Cymbals,  Chinese  gongs,  and  bells,  are 
dependent  on  the  presence  of  tin  for  their  peculiar  tones.  Beflectors  of  tele- 
scopes, and  the  standard  measures  used  by  Government,  are  made  of  an 
alloy  in  which  tin  largely  enters.  Imitation  gold,  britannia  metal  wares, 
common  pewter,  and  a  number  of  minor  alloys,  are  produced  with  its  assis- 
tance. Solders  form  an  important  feature  in  the  uses  of  tin ;  plumber's 
solder,  tinman's  solder,  pewter  solder,  and  other  similar  applications  of  the 
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metal,  are  too  well  known  to  require  detailed  description.  With  mercuy  it 
forms  the  valuable  amalgam  used  in  silvering  mirrors. 

The  pale  yellow  anhydrous  peroxide  is  largely  used  by  jewellers  in  polish- 
ing, under  the  name  oi putty  potcder.  The  white  enamel  inside  certain  kinds 
of  pottery  ware  is  composed,  in  part,  of  tin  oidde.  It  is  also  used  to  render 
glass  white  and  opaque,  as  in  the  preparation  of  the  enamel  for  the  dials  of 
watches,  and  the  manufacture  of  artificial  gems.  Other  compounds  of  tin 
are  of  important  application :  nitrates  and  chlorides  are  largely  used  in 
dyeing ;  while  a  compound  of  tin  and  gold  precipitate  gives  the  beaatifol 
purple  of  Camus. 

Tin  Ores. — The  known  ores  of  tin  are  limited  to  two :  cassiterite,  or  tin- 
stone ;  and  tin  pyrites.  The  peroxide  of  tin  sometimes,  though  rarely,  occurs 
massive,  fibrous,  granular,  and  crystallized ;  in  colour,  all  shades  from  light- 
brown  to  black :  and  in  the  Mounts  Bay,  Cornwall,  the  oxide  of  tin  has  been 
met  with,  in  white,  translucent,  glassy  crystals]  (tin  diamonds)  of  great  beauty. 
The  oxide  of  tin  belongs  almost  exclusively  to  the  oldest  of  the  primitive 
mountains,  but  not  to  the  oldest  granite.  It  is  found  in  irregular  veins, 
pockets,  or  bunches;  a  continuous  well  defined  lode  of  tin-stone  is  not  a 
frequent  mode  of  occurrence.  It  is  disseminated  in  certain  descriptions  of 
granite,  but  in  too  small  quantities  for  working  economically  on  an  extensive 
scale.  The  veins  are  of  various  descriptions :  the  stanniferous  ore  sometimes 
occurring  in  thin  flat  masses  or  floors,  parallel  with  the  bed  of  the  rock, 
apparently  without  connection  with  the  adjacent  veias.  These,  though  small, 
are  often  numerous,  and  at  their  junction  commonly  display  to  the  miner  a 
paying  deposit  of  ore. 

Tin  pyrites  (sulphuret  of  tin)  occurs  massive ;  colour  steel-gray,  yellowish- 
white,  or  yellow,  and  bufif :  at  times  specimens  are  found  exhibiting  all  four 
colours  irregularly.  Its  fracture  is  granular  and  uneven,  passing  into  con- 
choidal  of  a  shining  iustre.  Composition :  tin  36,  iron  2,  copper  36,  sul- 
phur 26  =  100. 

The  peroxide  of  tin  is  the  only  ore  of  the  metal  extensively  used.  In 
Cornwall  the  largest  mines  are  in  the  neighbourhood  of  St.  Agnes,  Gwenap, 
Helston,  St.  Ives,  and  Penzance  in  the  west,  and  St.  Austle  in  the  east. 
Small  quantities  are  mined  near  Tavistock  in  Devonshire.  The  most 
celebrated  mines  are  TVheal  Yor.near  Helston;  Polberrow,  near  St.  Agnes; 
Polgooth,  near  St.  Austle;  Drake  Walls,  near  Tavistock,  on  the  Cornish 
side  of  the  Tamar ;  and  Birch  Tor,  or  Yitifer,  also  near  Tavistock,  but  on 
the  eastern  side  in  Devonshire.  Some  of  these  mines  have  been  worked 
from  the  most  remote  antiquity;  have  been  successively  abandoned  and 
worked  as  an  increased  demand  and  improved  value  of  the  metal,  or  the 
development  of  greater  facilities  of  working,  has  allowed  of  the  work  being 
resumed  with  profitable  results.  Next  to  Uie  Cornwall  mines,  those  of  the 
Malayan  Peninsula  and  Banca  produce  tlie  largest  quantity  of  tin.  Spain, 
Bohemia,  Saxony,  France,  and  one  or  two  other  states  in  Europe,  produce 
small  quantities  only ;  as  also  do  Chili,  Peru,  Mexico,  and  other  American 
states.    Becently  Australia  has  exported  small  quantities  of  auriferous  tin 
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ore ;  and  looking  at  the  known  stanniferous  character  of  the  Australian 
Alpine  chain,  there  is  reason  to  believe  that  in  a  few  years  the  supply  of  tin 
from  that  continent  will  materially  affect  the  prosperity  of  the  Cornwall 
mines. 

Sulphuret  of  tin  has  been  worked  near  St.  Agnes,  Bedruth,  Constantine, 
St.  Austle,  and  otlier  plaoes,  in  very  limited  quantities.  It  is  probable  that 
future  researches  into  the  constituents  of  apparently  worthless  substances 
will  open  up  other  sources  of  obtaining  tin. 

Mining  of  Tin  Oiresr — ^This  is  performed  in  nearly  the  same  manner  as 
for  copper  ores.  The  description  there  given  of  the  mode  of  sinking  shafts, 
driving  levels,  winzes,  and  other  dead- work  operations ;  ezti-acting  the  ore, 
the  modes  of  ascending  and  descending  the  mines,  absence  of  ventilation, 
drawing  the  ores,  and  draining  the  deep  workings  of  water,  applies  equally 
to  tin  mines,  and,  it  may  be  added,  to  lead  also.  At  the  surface,  the  dressing 
of  tin  ores  for  sale  is  conducted  on  the  same  principle,  but  in  a  different 
manner  from  that  pursued  with  copper  ores. 

Cleaning  Tin  Orei  is  commenced  at  the  surface,  by  breaking  the  stones 
and  separating  the  product  of  the  mine  into  heaps  of  different  qualities, 
according  to  the  richness  of  the  tin  ore,  or  the  nature  of  the  gangue.  If 
merely  of  stony  matter,  the  ore  is  divided  into  two  or  three  qualities,  accord- 
ing to  their  apparent  richness,  in  order  to  diminish  the  loss  in  dressing ;  but 
such  as  contain  copper,  pyrites,  and  some  other  substances,  are  placed  in  a 
separate  division,  to  be  dressed  apart  from  the  others.  Ores  containing 
wolfram  require  special  treatment  for  the  elimination  of  the  tin  which  they 
contain. 

The  first  operation  to  which  the  ores  are  subjected  is  the  stamping.  The 
stamping-mill  is  an  apparatus  in  constant  requisition  in  tin  mines.  It  con- 
sists essentially  of  a  number  of  cast-iron  pestles,  measuring  twenty  inches 
high,  and  six  inches  by  ten  in  the  beating-face,  secured  by  castings  or  keys 
to  a  narrow  wrought-iron  shank,  or  by  sockets  to  a  wooden  stalk.  In  its  ver- 
tical movement  the  shank  carries  on  its  upper  part  a  projecting-arm,  and  at 
bottom  and  top  is  guided  by  suitable  metal  or  wooden  supports.  A  revolving 
shaft  is  in  front,  aimed  with  four  or  five  projecting  cams,  each  of  which 
catches  in  the  ann,  and  lifting  the  pestle  eight  or  ten  inches,  lets  it  suddenly 
fall  on  any  substance  underneath.  The  hard  tin-stone  rapidly  wears  away 
the  metal  of  the  beating- head ;  and  to  compensate  for  the  shortening  going 
on,  the  projecting-arm  is  constructed  that  it  may  be  slidden  up  or  down, 
to  meet  the  wear  of  the  pestle,  or  other  irregularity.  The  bottom  on  which 
it  works  is  formed  by  allowing  it  to  stamp  for  a  short  time  dry  or  hard  stones, 
or  other  similar  material. 

Around  four  pestles  a  wooden  box  is  constructed,  and  covered  in  at  top 
to  meet  the  lower  guides  of  the  shanks.  The  sides  of  this  box  are  continued 
upwards  to  carry  top-guides,  and  to  steady  this  portion  of  the  apparatus  in 
the  rear.  The  back  is  partly  open  at  the  bottom  to  admit  the  tin  stuff.  In 
front  two,  and  on  each  side  one  orifice,  seven  or  eight  inches  square,  are  cut 
out  of  the  wood  near  the  bottom,  and  fitted  with  cast-iron  frames,  containing 
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perforated  iron,  copper,  or  brass  plates,  the  bur  of  the  punch  or  drill  towards 
the  inside.  As  a  precaution  against  its  speedy  destruction  by  the  violently 
scattered  fragments  of  stone,  the  inside  of  the  box  is  partially  lined  with 
iron  plates. 

Tinstone  is  supplied  on  an  inclined  plane  or  hopper  at  the  back,  where 
also  a  small  stream  of  water  enters  the  box.  The  product  of  the  stamping 
is  received  in  front  and  at  the  sides  into  wooden  channels,  and  directed  to 
the  dressing-floors. 

With  water-power,  the  number  of  heads  is  limited  by  the  quantitj  of 
water  and  fall :  three  is  the  least  number  used,  but  four  or  some  of  its  mul- 
tiples is  a  preferable  number.  If  steam-power  is  used,  the  number  of  heads 
or  pestles  driven  is  limited  only  by  the  requirements  of  the  mine ;  in  some 
productive  tin  mines  twenty-four  are  employed,  while  in  others  ninety-six  are 
kept  at  work  day  and  night  throughout  the  week.  The  employment  of  steam- 
power,  however,  necessitates  the  adoption  of  mechanism  for  preventing 
injury  to  the  stamping  apparatus,  by  an  accidental  reversal  of  the  motion 
given  to  the  shaft  carrying  the  projecting  cams.  A  side-view  of  the  safety 
coupling  invariably  atta<;hed  to  the  end  of  the  crank-shaft  of  each  steam- 


Fig.  149. 
engine  used  for  driving  a  stamping-mill  is  given  in  Fig.  149.  By  means  of 
the  catch-levers  in  the  part  attached  to  the  crank-shaft,  acting  on  the  teeth  of 
the  other  part  to  which  is  connected  the  axle  carrying  the  cams,  motion  is 
communicated  to  the  latter  only  when  the  engine  shaft  revolves  in  the  proper 
direction. 

When  in  action,  the  pestles,  or  stamp-heads  as  they  arQ  commonly  called 
by  the  miner,  are  elevated  forty  to  eighty  times  per  minute.  The  distance 
through  which  they  are  elevated  varies  in  different  stamping-miUs,  as  also  in 
the  same  mill,  through  variation  in  the  length  of  tlie  stamp-head  from  the 
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lifting-anil.  Ten  inches  may  be  considered  an  extreme  lift ;  seven  inches  a 
minimum.  The  repeated  blows  of  the  pestLe-head  crushes  the  ore  to  frag- 
ments ;  and  reacting  on  it  till  reduced  to  a  powder  snfEicientlj  fine  to  pass 
through  the  perforations  of  the  iron  plate,  violentlj  ejects  it  with  the  water. 
The  pulverization  is  greatly  iiaoilitated  by  having  four  pesUes  in  the  same 
box,  placed  side  by  side,  and  no  more  tiian  two  or  two  and  a  half  inches 
apart  Each  pestle  is  lifted  separately ;  and  the  cams  by  which  this  is  done 
are  so  disposed  on  the  peripheiy  of  the  axle  that  the  blows  are  given  in 
regular  succession,  so  long  as  the  apparatus  is  in  regular  motion.  If  the 
mUl  consists  of  more  than  four  pestles,  the  cams  of  the  entire  number,  how- 
ever large,  are  so  accurately  disposed  on  the  axle  that  no  two  pestles  of  a 
mill  of  ninety-six  can  fall  at  the  same  instant.  Much  difference  of  opinion 
prevails  as  to  the  order  in  which  the  lifting  of  four  in  one  box  should  take 
place ;  whether  one  of  the  inner  pestles  should  precede  the  other,  or  whether 
a  side  pestie  should  be  first  lifted.  A  preference,  however,  seems  to  be  given 
to  the  following  order,  supposing  the  spectator  to  stand  in  front  of  a  four- 
pestle  battery : — ^Left  side  pestle  first,  right  side  second,  right  middle  third, 
left  middle  last.  Long  experience  has  demonstrated  that  the  stamping  is 
best  performed  with  this  order  of  lifting.  Scattered  by  the  blow  of  one  pestle 
under  the  partially  lifted  adjoining  pestles,  the  tiu-stone  which  enters  the 
back  of  the  box  is  subjected  to  from  160  to  820  blows  per  minute,  from  pestles 
weighing  between  800  and  400  lbs.  each  when  new. 

The  small  holes  in  the  stamps-grate  allow  the  ore  to  pass  only  when 
reduced  to  a  fine  sand.  At  six  or  eight  feet  from  the  perforated  plates,  in  front, 
are  two  hu^e*  cisterns,  eighteen  or  twenty  inches  wide,  ten  or  twelve  deep, 
and  hinring  nearly  this  quantity  of  declination  in  a  length  of  fifteen  or  sixteen 
feet.  These  cisterns  are  connected  with  the  batteiy  by  channels  and  small 
sluice-gates,  by  means  of  which  the  entire  product  may  be  conveyed  to  ono 
cistern  while  the  other  is  being  emptied  of  its  accumulations.  From  the 
lower  ends  of  the  cisterns  the  mineralized  water  runs  into  a  common  channel, 
to  an  excavation  in  the  ground  known  as  the  "  slime  pit,"  where  it  deposits 
much  of  the  slimy  matter  in  solution.  A  second  slime  pit  is  kept  in  reserve, 
to  be  used  whilst  the  other  is  being  emptied.  If  the  mill  is  a  large  one,  there 
will  be  a  slime  pit  for  every  eight  or  ten  pestles.  If  the  water  still  contains 
a  notable  quantity  of  solid  matter,  it  is  passed  into  other  pits  till  nearly  the 
whole  has  been  deposited.  The  water  of  extensive  mines  is  commonly 
charged  with  stanniferous  matter  for  a  considerable  distance  from  the  works; 
and  numerous  streamers  purchase  of  the  mine-owner  the  privilege  of  extract- 
ing such  portions  as  they  may  be  able  to  do  with  their  rude  apparatus — ^those 
nearest  the  works  paying  the  heaviest  royalty. 

In  the  long  cisterns,  the  roughs  or  coarse  particles  of  the  ore  are  deposited, 
the  largest  and  heaviest  at  the  head  of  the  cistern, — ^the  value  of  the  deposit 
being  nearly  in  an  inverse  ratio  to  its  distance  from  the  entrance  of  the  ore 
and  water.  The  contents  of  the  cistern  are  divided  into  three ;  and  the 
treatment  of  the  several  portions,  though  varying  to  some  extent  with  the 
character  of  the  ore  reduced,  and  local  usage,  may  be  described  as  follows : — 
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The  upper  portion  is  taken  in  barrows  to  a  buddle  of  the  ordinary  deseriptioii, 
and  passed  through  with  great  care.  It  consists  of  a  rectangular  cistern 
made  of  wood  plank,  eight  feet  long,  four  feet  wide,  and  two  feet  deep, 
declining  about  one  inch  in  the  foot  lineal.  At  the  lower  end  a  series  of  plug- 
holes are  drilled,  to  let  out  the  water  used  in  the  process  at  such  levels  as  the 
height  of  the  contents  may  require.  The  ore  is  delivered  into  a  kind  of 
shallow  hopper,  ten  or  twelve  inches  wide,  grated  in  front,  and  is  washed 
down  by  a  small  current  of  water  to  tiie  head  of  the  buddle,  where  a  number 
of  small  spreading  ledges  divide  it  into  twenty  or  thirty  minute  streams. 
Entering  at  so  many  places  in  the  head-board,  the  small  streams  join  in  the 
descent,  and  form  a  broad  flowing  sheet  over  the  entire  bottom- of  the  buddle. 
The  heaviest  particles  of  ore  are  left  at  the  head  of  the  sloping  bottom ;  and 
this  order  continues  till  the  cistern  is  filled.  Care  is  taken  that  no  irregn- 
larity  occurs  in  the  intensity  of  the  stream  in  any  one  part.  The  formation 
of  furrows,  which  would  militate  against  the  correctness  of  the  results,  is 
prevented  by  a  free  use  of  the  brush  or  feather  in  the  hands  of  the  boy 
attendant.  When  filled,  the  length  of  the  cistern  is  divided  into  two  or  more 
portions,  tlie  treatment  of  which  varies ;  but  commonly  the  head  is  passed 
through  the  "  tossing  "  or  *'  chimming  *'  process. 

The  tossing-tub,  or  "  kieve,"  consists  of  a  stout  wooden  vat,  bound  aroimd 
with  iron  hoops,  of  a  capacity  ranging  from  100  to  150  gallons.  Water  is 
thrown  into  it,  and  a  quantity  of  ore  added.  With  an  iron  shovel,  a  man  sttts 
the  mixture  as  the  ore  is  being  thrown  in,  and  for  five  or  six  minutes  subse- 
quently; a  slight  subsidence  having  taken  place,  he  bales  out  a  small 
quantity  of  water,  and  facilitates  the  further  subsidence  of  the  ore  by  ^  pack- 
ing "  the  kieve.  Tiiis  consists  in  striking  its  sides  with  a  hammer<or  nine 
or  ten  minutes.  The  denser  parts  subside  most  rapidly,  the  larger  particles 
first  and  the  lighest  last  of  aU.  After  complete  subsidence,  the  water  is 
drained  off,  and  the  mineral  is  found  occupying  distinct  layers,  as  in  the 
section ;  the  uppermost  is  thrown  out  as  being  of  little  value,  but  it  is  some- 
times re- dressed ;  the  next  is  reserved  for  furtlier  washing ;  while  the  bottom 
Inyer,  with  the  exception,  perhaps,  of  a  -small  portion  of  coarse  particles  in 
the  centre,  is  considered  clean  ore,  or,  if  alloyed  with  pyrites  or  other  "^<^fa*.lliiT 
ores,  as  "  tin  witts  "  fit  for  the  calcining  process. 

Keverting  to  the  contents  of  the  long  cistern  in  fr'ont  of  the  mill,  the  cen- 
tral portion  is  delivered  into  a  wooden  trough  immediately  over  the  mineral, 
and  washed  by  a  small  stream  of  water  direct  to  the  circular  buddle,  for 
undergoing  the  huddling  process  on  a  large  scale,  in  a  less  expensive  manner 
than  the  richer  deposit.  The  lower  division,  or  '*  tailings,"  of  the  cistern  is 
lifted  into  a  similar  trough,  and  washed  to  other  circular  buddies,  to  undergo 
an  additional  washing  over  the  dentral  deposit.  ^Vhen  brought  to  the  re- 
quired standard  by  repeated  washings,  with  rejection  of  the  wor^ess  tailings, 
the  richest  ore  is  transferred  to  the  rectangular  buddle,  and  from  thence 
through  the  tossingtub,  from  whence  it  emerges  as  "  tin  witts,"  in  the  same 
manner  as  the  richest  division  of  the  long  cistern.  The  circular  buddle  is 
fuUy  described  and  illustrated  under  the  dressing  of  copper  ores. 
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The  contents  of  the  slime-pit  are  delivered  into  the  head  of  trunking-boxes, 
and  subjected  to  the  trunking  process.  The  tnmking-box  consists  of  a  long 
sloping  cistern,  with  a  division  across  its  upper  end,  forming  a  small  quad- 
rangular cistern,  in  which  the  ore  slime  and  water  are  delivered.  A  paddle 
slowly  vibrates  in  the  square  cistern,  which  agitates  the  mix- 
ture, and  at  each  stroke  discharges  a  small  quantity  into  ^jTrrrr'n^ 
the  sloping  trunk  cistern.      Here  it  is  caused  to  flow      ^^^^f^^^ssoM 

The  process  is  con-       '^^^^^^^WWB^^^WWBBIjj^^lp 
tinned  till  a  suffi-  Kg.  iw, 

cient  depth  of  mineral  has  accumulated  in  the  cistern,  when  the  further 
admission  of  the  mixture  is  prevented,  and  the  quantity  treated  removed. 
The  head,  or  superior  portion  of  the  trunk,  is  delivered  to  the  "racking- 
tables  ;"  the  middle  is  again  trunked,  while  the  tailings  are  discharged  as 
nearly  worthless. 

ThQ  racking-table  (Fig.  150)  consists  of  a  wooden  table,  declining  six 
inches  in  a  length  of  nine  feet,  and  furnished  with  shallow  beveled  flanohes 
as  a  frame ;  at  the  bottom  a  narrow  space  intervenes  between  the  table  and 
flanch.  It  is  supported  on  a  framework  or  posts,  two  and  a-half  or  three 
feet  high,  by  centre  pivots  on  which  it  freely  turns.  The  head  of  the  table 
receives  the  mixture  of  ore  and  water  over  a  sloping  board,  leather-hinged, 
to  admit  of  the  table  vibrating.  Underneath,  on  the  floor,  the  length  of  the 
table  is  divided  into  three  by  boxes  or  troughs. 

In  operating  with  the  racking-table,  the  slimy  ore,  to  tho  extent  of  twelve 
or  fifteen  pounds,  is  placed  at  the  fixed  head,  and  washed  down  over  the 
hinge-board  to  the  table.  Here  the  attendant,  with  a  solid  rake  or  hard 
brush,  distributes  it  equally  over  the  head;  the  richest  particles  remain  on 
the  highest  part  of  the  table,  by  virtue  of  their  greater  specific  gravity,  the 
slimy  water  escaping  through  the  narrow  slit  at  the  bottom  into  a  gutter. 
When  the  charge  of  ore  has  been  thoroughly  racked,  the  table  is  turned  on 
edge,  and  the  deposit  on  its  surface  washed  into  the  vessels  underneath. 
The  contents  of  these  will  vary  in  quality;  the  upper  box  may  contain  clean 
ore,  but  more  frequently  it  is  again  racked,  and  then  sent  to  the  tossing-tub. 
The  ore  in  the  middle  box  will  be  washed  once,  and  the  lower  box  twice  or 
three  times,  before  going  to  the  tossing  process. 

It  is  to  be  observed  that  in  all  the  processes  used  in  the  dressing  of  tin 
ores,  the  distinguishing  feature  is  the  advantage  taken  of  the  great  specific 
gravity  (about  6*60)  of  the  oxide  of  tin  to  effect  its  separation  from  other 
substances  by  subsidence  in  water.  This  is  the  principle  pursued  alike  with 
stamps,  cistern,  huddle,  trunk,  tossing-tub,  and  racking-table.  By  stamping 
the  ore  to  a  fine  powder,  and  suspending  it  in  water,  it  is  obvious  that  the 
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heavier  particles  will  descend  most  rapidly,  and  be  found  collected  at  the 
bottom.  Assuming  that  oxide  of  tin  is  Uie  heaviest  ingredient,  its  separation 
seems  a  very  simple  process :  the  particles  subsiding  first  will  naturally  be 
richest  in  tin ;  but  it  is  equally  probable  that  in  the  superincumbent  strata 
there  yet  remains  a  large  proportion  of  the  whole.  With  the  exception  of 
the  top  stratum,  these  are  again  washed,  for  the  farther  separation  of  oxide. 
Yet,  after  passing  and  repassing  through  the  several  processes  described,  it 
is  questionable  if  more  than  fifty  per  cent,  of  the  tin  oxide  in  the  ore  treated 
is  recovered,  the  remaining  fifty  per  cent,  being  lost. 

This  may  appear  a  high  estimate  of  loss ;  but  on  reviewing  the  whole  of 
the  dressing  process,  it  must  be  evident  that,  though  conducted  on  long- 
established  and  simple  principles^  a  moietyM  at  least,  of  the  tin  is  lost.  The 
principle  of  dressing  by  subsidence  in  water  is  fetulty,  inasmuch  as  it  pro- 
ceeds on  the  assumption  that  after  stamping,  the  oxide  of  tin  exists  as  clean, 
independent  grains,  in  a  mixture  consisting  essentially  of  sand.  In  many 
mines  the  tin  oxide  is  to  the  stony  matter  as  3  to  100.  Now,  looking  at  the 
manner  in  which  the  two  are  combined,  we  may  conclude  that  while  the 
stamping  results  in  a  number  of  particles  of  oxide  of  tin  nearly  free  from 
gangue,  a  far  greater  number  will  consist  of  stony  matter  tvith  a  small  alloy 
of  tin.  When  subjected  to  the  subsidence  process,  tlie  great  specific  gravity 
of  the  former  results  in  their  immediate  separation  and  collection,  and  the 
next  heaviest  particles  will  be  similarly  collected;  but  the  largest  quantity  is 
discharged  as  worthless,  because  of  its  lightness,  when,  owing  to  its  being  in 
greater  quantity,  it  is  capable  of  abstracting  a  moiety  of  the  tin  oxide.  While 
the  defects  of  the  present  system  of  dressing  tin  ores  are  admitted  by  many 
intelHgent  miners,  a  remedy  which  shall  enable  a  larger  per-centage  of  the 
oxide  to  be  recovered,  is  a  desideratum  which  improvements  in  metallurgy 
alone  can  supply. 

In  very  many  instances,  with  great  advantage,  the  stamps  may  be  almost, 
if  not  entirely,  substituted  by  the  employment  of  the  crusher,  of  precisely  the 
same  form  as  that  described  for  the  treatment  of  copper  ores.  The  crushing 
is  effected  witli  much  greater  rapidity  by  the  crasher  than  by  the  stamps,  and 
at  much  less  cost ;  but  htUe  attention  has  as  yet  been  devoted  to  this  subject, 
and  it  is  curious  to  observe  among  tin-miners  the  strange  notion  they  have 
that  the  crasher  cannot  do  for  tin  stuff  what  it  will  do  for  copper  stuff, 
although  they  may  want  precisely  the  same  sort  of  effect  to  be  produced. 
Much  tin  stuff  consists  principally  of  white,  hard,  and  brittle  quartz,  inter- 
spersed with  black  oxide  of  tin  in  solid  compact  masses.  The  crusher  pro- 
duces a  peculiarly 'desirable  effect  on  such  ores  by  cracking  off  the  quartz 
from  the  tin,  leaving  the  tin  in  large  coarse  grains,  which,  when  the  other 
earthy  and  metaUic  refuse  matters  have  been  dressed,  are  left  extremely  rich 
in  the  form  known  as  "jigged  tin."  That  which  has  been  by  the  same  opera- 
tion crushed  smaller  is  extracted  as  fluran,  and  the  remainder  separated  as 
smalls  and  slimes.  The  crusher  was  first  introduced  at  Drake  Walls  Mine, 
and  its  use  has  now  been  maintained  for  many  years  with  great  advantage. 
In  other  mines  a  large  proportion  of  the  tin  oxide  is  in  a  very  finely  divided 
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state,  disseminated  throughout  masses  of  indurated  slate  or  capel;  and  the 
miner  will  commonly  assert  that  the  crusher  cannot  with  such  tin  stuff  be 
used  with  advantage.  He  is,  however,  mistaken ;  for  with  the  proper  use  of 
a  crusher  suitably  arranged,  the  work  of  the  stamps  can  be  more  efficiently 
done,  with  greater  rapidity,  and  at  much  less  cost.  This  matter  is  of  im- 
portance, not  merely  because  the  work  is  done  at  less  cost,  but  that  much 
tin  stuff  now  rejected,  because  not  rich  enough  to  pay  the  cost  of  stamping, 
would  otherwise  be  worked 


over  with  considerable  ad- 
vantage. 

Greatly  improved  devel- 
opments of  tin  mines  are 
to  be  anticipated  from  the 
direction  of  greater  atten- 
tion to  the  use  and  proper 
management  of  the  crush- 
ing mill. 

The  oxide  is  frequently 


Fig.  151. 


contaminated  with  copper  pjnrites,  arsenic,  and  other  substances.     When 
this  is  the  case  the  '*  tin  witte"  is  anbjected  to  a  calcining  process  in  a  re- 

,^ verberatory  famaoe.    Fig.  151  is  a 

^^^^^^^^^^^^^^^^^^^^^^^^^"p  sectional  elevation,  and  Fig.  152  a 

sectional  plan  of  ^le  furnace  em- 
ployed. The  dimensions  and  form 
vary  with  different  builders;  but 
the  general  principle  is  the  same  in 
all  burning-houses.  The  furnace 
is  built  of  stone,  lined  throughout 
the  interior  with  fire-brick,  and  fur- 
nished with  a  working-bottom  of  the 
same  material.  A  narrow  fire-place 
at  one  end   communicates  for  its 


fig.  152. 


entire  length  with  the  rear  end  of  the  chamber  of  the  fdmace,  which  may  be 
nine  feet  long,  five  feet  wide  in  the  middle,  four  feet  at  the  rear,  fourteen 
inches  high,  and  twenty  inches  wide  at  the  working-door.  The  flame  from 
the  grate  is  deflected  on  to  the  floor,  and  escapes  through  a  flue  over  the 
working-door.  The  ore  for  calcination  is  placed  in  a  cavity  on  the  top  of  the 
furnace  outside,  from  whence  it  is  discharged,  as  required,  into  the  chamber 
below.  Under  the  floor  is  an  arch,  having  a  narrow  connecting  aperture 
with  the  interior,  through  which  the  calcined  ore  is  drawn.  The  working- 
door  is  provided  with  a  serrated  bottom  plate,  to  act  as  a  series  of  fdlcrums 
to  a  long  rabble,  employed  in  stirring  and  raking  up  the  charge,  so  that  aU 
of  it  may  receive  the  same  thorough  calcination.  The  thrust  of  the  arch 
is  met  by  a  system  of  iron  binding.  A  charge  consists  of  ten  or  twelve 
hundredweights  of  tin  ore,  which  may  be  the  same  number  of  hours  burning, 
depending  on  the  quantity  and  quality  of  the  ore  to  be  operated  on.    This 
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quantity  of  ore  may  be  calcined  with  a  consumption  of  two  hundredwei^ts 
of  coaL  A  dull  red-heat,  while  it  has  no  injurious  effect  on  the  tin,  Tolsr 
tilizes  much  of  the  arsenic  and  sulphur,  and  oxidizes  the  other  metala  so 
that  specifically  they  become  lighter  than  the  tin  oxide. 

Instead  of  the  ordinary  reverberatory  furnace,  Brunton's  caldner  is  now 
much  used  in  tin  mines,  a  sectional  elevation  of  which  is  shown  in  Fig.  153. 
It  is  a  circular  cast- iron  table,  supported  on  a  central  stout 
iron  shaft,  suitably  stepped  in  Leaiiugs,  to  allow  of  its  being 
slowly  revolved  by  tlie  geaiing  of  a  toothed  wheel  fastened 
on  the  under  side  of  tlie  revolving  bed  C,  which  is  placed  under 
the  dome  of  a  reverberatory  fiu-nace,  the  fire-place  A  being 
on  one  side,  and  tlie  flue  B,  leading  to  the  main  chimney,  on 
the  other.  The  ore  is  fed  tlirough  a  hopper,  E,  placed  in  the 
crown  of  the  arch,  and  is  distributed,  and  regularly  tamed 
over  and  thrust  from  the  centre  to  the  circum- 

-^ ference,  by  the  ai-i*angement  shown  in  the 

sectional  elevation.      The  revolution  of  the 
bed  of  the  furnace  is  efifected 


Fig.  153. 


by  the  attachment  of  the 
machinery  to  a  small  water- 
wheel.   The  ore  having  been 
constantly  turned  over,  and 
eveiy  particle  ex- 
posed to  the  oxidiz- 
ing influence  of  the 
heated  air  passing 
through    the    fur- 
nace, when  it  has 


reached  the  dischargiog  point  H,  it  is  there  thrust  out  of  the  furnace  into 
the  wrinkle  G,  in  a  steady  small  stream,  proportionate  to  a  similar  stream 
supplied  through  the  hopper.  The  rate  of  supply  and  discharge  is  regulated 
by  the  rate  of  motion  imparted  to  the  revolving  bed,  which  is  determined  by 
the  amount  of  time  required  by  the  various  ores  subjected  to  calcination.  It 
is  evident  that  much  less  labour  is  necessary  for  the  working  of  this,  than 
of  the  ordinary  reverberatory  furnace ;  and  a  less  consumption  of  fuel  is 
also  sufficient  for  the  production  of  the  same  eii'ect. 

The  flue  from  the  calciners  is  commonly  conducted  a  considerable  dis- 
tance up  the  side  of  a  hill,  to  a  short  chimney-stack,  or,  better  still,  a  large 
square  tower  filled  with  brush-wood  or  furze.  For  the  first  100  or  150  feet 
from  the  furnace,  the  flue  is  built  much  larger  than  further  off,  with  divisional 
walls  to  increase  the  length  of  circulation  of  the  volatile  products  frcm  the 
furnace ;  doorways  are  built  in  the  sides  of  these  chambers,  and  these  are 
closed  up  with  temporary  brick-work,  or  with  large  stones.  The  arsenical 
fumes  evolved  are  nearly  all  condensed  in  these  chambers  in  the  form  of 
a  white  powder,  which  is  the  white  arsenic  or  arsenious  acid.  At  convenient 
intervals  of  a  month  to  three  months,  the  flues  are  opened,  the  crude  arsenic 
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is  removed,  packed  in.  casks,  and  sold  to  the  arsenic  manufactiurer  for  refining. 
The  snlphurous  acid  evolved  with  the  arsenic  passes  on,  and  is  discharged 
from  the  chimney  into  the  surrounding  atmosphere;  not  unfrequently 
during  damp  weather  causing  much  damage  to  adjacent  vegetation.  This 
might  be  entirely  avoided  by  the  filling  of  the  tower  witli  coke,  kept  moist 
with  a  small  stream  of  water,  which  would  absorb  and  condense  all  the  sul- 
phurous acid. 

Hitherto  the  process  of  calcination  has,  with  but  very  few  exceptions, 
been  employed  exclusively  on  dressed  ores;  but  great  advantage  in  many  in- 
stances would  be  attainable  by  selecting  those  ores  which  contain  sufficient 
iron,  copper,  or  arsenical  pyrites,  to  bum  of  themselves  without  fuel.  The 
calcination  in  this  case  would  be  conducted  in  a  furnace  resembling  a  small 
lime-kiln,  the  ore  being  supplied  at  tlie  top ;  and  when  burnt  out,  drawn  at 
the  bottom  into  the  ash-pit  below  the  fire-bars,  in  which  water  is  kept,  so  that, 
by  the  hot  burnt  ore  dropping  into  it,  and  being  suddenly  chilled,  it  falls  to 
pieces.  The  ore  thus  burnt  is  much  easier  for  reduction  to  powder  by  either 
the  crusher  or  the  stamps;  indeed,  its  condition  would  be  such  that  the 
crusher  alone  might  be  employed,  without  the  aid  of  stamps,  for  reducing 
even  to  the  finest  powder.  From  the  side  of  the  top  of  the  furnace  the  volatile 
product  may  be  led  off  to  the  main  flue,  with  which  the  reverberatory  furnace 
communicates.  The  partially  calcined  ore  having  been  dressed  in  the  usual 
manner  for  witts,  the  final  calcination  may  be  efiected  in  the  reverberatory 
furnace,  as  already  described. 

From  the  "  wiinlde  "  of  the  calcining  furnace,  the  burnt  ore  is  removed 
to  the  bui-ning- house  floors,  where  it  is  subjected  to  a  series  of  washing  pro- 
cesses, much  more  carefully  conducted  than  those  employed  in  the  prepara- 
tion of  the  tin  witts.  The  witts  having  been  bm^ied  in  separate  parcels 
according  to  their  size,  as  jigged,  fluran,  smalls  or  "  smales,"  slime,  and 
rough  or  "rows,"  they  are  operated  on  accordingly;  the  jigged  being 
simply  jigged  over  again  in  a  copper  sieve;  the  fluran  passed  through  the 
buddle  and  tie ;  and  the  smaller  sizes  through  a  very  much  more  complicated 
process,  consisting  first  of  washing  carefully  in  the  buddle,  whence  it  is  sized 
out  according  to  ti^e  part  of  the  buddle  in  which  it  settles ;  then  of  tossing  or 
"  tozing,"  and  packing  in  a  kieve,  again  washing  on  a  hair-sieve  in  another 
kieve  or  "  dillcughing,"  so  as  to  throw  off  the  light  waste  into  the  watisr, 
leaving  the  crop  tin  on  the  sieve,  whence  it  is  thrown  into  hand-barrows,  and 
conveyed  to  the  hutches,  where  it  is  stored,  until  sampling  time,  under  lock. 
If  the  tin  witts  should  have  been  " corrupted"  with  a  " bad  brood  or  mix- 
ture," such  as  mundic  or  iron  pyrites,  copper  pyrites,  arsenic,  mock  lead, 
or  the  sulphuret  of  molybdenum,  woUram,  &c.,  the  various  operations 
described,  lead  to  tlie  production  of  a  great  number  of  temporarily  refuse 
matters,  wliich  ore  treated  over  again  according  to  the  exact  process  indi- 
cated by  the  examination  of  a  dressing  captain,  who  forms  his  opinion  from 
"  vanning  "  samples  of  tlie  respective  heaps.  The  vanning  consists  in  taking 
a  small  sample  on  a  large,  thin,  light  shovel,  known  as  the  vanning  shovel, 
and  with  a  peculiar  motion  scarcely  describable,  washing  it  in  water,  so  as 
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to  separate  the  waste,  throwing  it  back  by  a  streaming  of  water  towards  the 
handle  or  back  part  of  the  shovel,  and  leaving  the  superior  tin  staff  forward 
at  the  tip.  The  process  appears,  from  the  dexterity  of  the  manipnlator,  to  be 
exceedingly  easy ;  but  it  requires  much  practice  to  attain  even  moderate 
success  in  thus  effecting  the  separation  of  the  fin  stuff.  After  all  has  been 
done  that  can  be  effected  by  the  operations  described,  the  refuse,  known  as 
"  burnt  leavings,"  is  usually  sent  to  the  stamps,  to  be  stamped  over  again, 
with  some  siliceous  stones  or  '*  craze."  By  stamping,  the  burnt  tin  staff 
is  crushed  much  finer ;  and  so,  by  washing,  the  earthy  matters  are  separated, 
which  before,  by  adhering  to  the  oxide  of  tin,  made  it  too  light  to  aUow  of 
its  separating  out  by  settling. 

The  month's  sampling  from  each  mine  usually  consists  of  at  least  two  or 
three  different  qualities,  depending  principally  upon  the  extent  to  which  the 
impurities  have  been  separated  by  the  various  dressing  operations.  The 
lowest  quality,  known  as  roughs,  or  rows,  is  of  very  inferior  quality,  in 
spite  even  of  treatment  with  adds.  This  is  usually  occasioned  by  the  pre- 
sence of  much  metallic  iron  derived  from  the  tools  in  underground  working, 
and  from  small  fragments  of  the  machinery  through  which  the  ore  has  passed. 
At  Drake  Walls  Mine,  this  quality  obtained  scarcely  more  than  one-half  of 
the  price  of  the  better  sorts,  although  the  quantity  of  iron  present  was  not 
more  than  about  20  per  cent.  By  the  employment  of  a  boy,  at  a  cost  of  six- 
pence per  day,  to  pick  over  the  ore  with  a  horse-shoe  magnet,  the  weight  of 
the  parcel  is  reduced  by  one-fifth ;  but  its  value  has  been  doubled,  and  this 
sort  has  disappeared  from  the  samplings,  the  clean  ore  being  mixed  away 
with  the  best  quality. 

Until  a  very  recent  period,  the  notion  prevailed  amongst  tin- dressers 
that  the  metal,  or  **  white  tin,"  obtainable  from  the  ore  raised  in  mines,  or 
"  mine-tin,"  was  entirely  different  from  the  metal  extracted  from  the  ore  found 
in  stream-works,  or  stream-tin,  and  that  it  was  impossible  to  obtain  "  grain- 
tin,"  the  purest  commercial  tin,  from  any  ore  but  the  stream-tin ;  the  mine- 
tin  producing  only  common  tin.  This  was  because  after  the  tin  ore  from 
the  mines  had  been  passed  tiirough  all  the  dressing  processes  before  described, 
in  strictest  accordance  with  the  prescribed  rules  of  tin- dressing,  yet  such  traces 
of  foreign  metallic  matters,  especially  of  copper  and  of  iron,  were  still  left  in 
combination  with  the  black  tin,  that  the  smelting  processes  employed  for  the 
reduction  of  the  metal  would  cause  the  formation  of  alloys  of  tin  with  these 
metals ;  and  such  is  the  effect  of  the  combination  of  only  very  small  propor- 
tions of  these  metals,  that  the  quality  of  the  white  tin  could  never  be  brought 
up  equal  to  the  metal  from  the  stream-tin. 

As  the  native  black  oxide  of  tin,  or  "black  tin,"  is  so  very  indifferent 
to  the  action  of  acids,  the  treatment  of  it  chemically  with  acids,  for  the  separ- 
ation of  foreign  metallic  oxides,  is  of  peculiar  facility.  With  moderate  care, 
mine-tin  may  be  made  equal  in  quality  for  the  production  of  metal  to  stream- 
tin  ;  and  supposing  no  tmfair  interposition  on  the  part  of  the  smelters,  such 
as  has  been  from  time  to  time  attempted  on  their  part,  to  prevent  the  intro- 
duction of  improved  processes  for  treatment,  considerable  advantage  must 
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accrue  to  the  mine,  from  making  it  a  rule  to  render  the  black  tin  pure  before 
it  is  sold. 

About  1842,  at  Balleswidden  Mine,  in  Cornwall,  acids  were  first  employed 
by  Dudos  in  tlie  treatment  of  tin  ores.  In  the  same  year  a  patent  was 
obtained  by  W.  Longmaid  (sealed  October  20th,  1842),  having  for  its  object 
the  utilization  of  the  sulphur  in  all  sulphur  ores,  by  mixing  with  them  com- 
mon salt,  and  roasting  the  mixture,  so  converting  the  sulphur  into  sulphate  of 
soda,  the  copper  into  a  chloride.  Botli  these  substances  being  soluble  in 
water,  they  are  washed  off,  leaving  the  peroxide  of  iron,  the  oxide  of  tin, 
and  earthy  matters,  from  which  they  could  easily  be  separated  by  wasliing. 
Where  the  foreign  matters  consist  almost  exclusively  of  oxide  of  iron,  muriatic 
acid  is  employed  with  greatest  advantage,  the  use  of  which  was  patented  long 
after  its  employment  elsewhere,  by  Mitchell,  April  11th,  1843.  Where  the 
tin  stuff,  after  calcination,  still  contains  copper,  sulphuric  acid  is  employed 
with  the  greatest  advantage ;  the  sulphate  of  copper  produced  being  washed 
off,  and  the  copper  precipitated  in  the  metallic  state  with  iron,  or,  preferably, 
in  the  state  of  oxide  with  soda  ash. 

Where  the  tin  stuff  has  been  found  associated  with  math,  wolfram,  as  at 
Drake  Walls,  in  consequence  of  its  specific  gravity  being  so  nearly  the  same 
as  that  of  tin  oxide,  wolfram  being  7'1  to  7*4,  and  tin  oxide  63  to  7*0,  it  was 
found  impossible,  by  the  ordinary  processes  of  dressing  and  calcining,  to 
separate  them;  and  for  Tei-y  many  years,  in  consequence,  the  price  paid  by 
the  smelters  for  the  ores  from  Drake  Walls  Mine  was  lower  than  tliat  of 
any  other  mine  in  Cornwall.  Since  the  introduction  of  Oxland's  process 
for  treating  these  ores,  tliey  have  been  so  improved  in  quality  that  they  are 
now  used  for  the  production  of  grain-tin,  and  fetch  the  highest  price.  The 
process  consists  in  taking  the  ore  dressed  as  perfectly  as  possible  in  the 
ordinary  manner ;  and  having  ascertained  the  propo^on  of  wolfram  in  it,  then 
mixing  with  the  ore  such  a  proportion  of  soda  ash  or  crude  soda  as  will  pro- 
vide an  equivalent  of  soda  for  the  tungstic  acid  of  the  wolfram  present.  The 
mixture  is  then  put  into  the  furnace,  and  there  roasted  at  a  low  red-heat, 
until  a  combination  is  effected  between  the  tungstic  acid  and  the  soda.  The 
iron  with  which  the  acid  had  been  previously  in  combination  is  at  the  same 
time  converted  into  a  peroxide,  and  rendered  sufficiently  light  to  be  washed 
off  with  facility.  When  the  roasting  is  completed — ^which  may  bo  known  by 
the  change  of  colour,  and  by  the  mass  assuming  a  slightly  pasty  condition — 
the  charge  is  drawn  through  a  hole  in  the  bed  of  the  furnace  into  the  arch 
or  "wrinkle"  beneath.  A  fresh  charge  is  introduced  through  the  hole  in 
the  crown  of  the  furnace  from  tiie  *'  dry  ;*'  and  as  soon  as  the  charge  is  spread 
over  the  bed,  the  furnace  is  shut,  the  fire  made  up,  and  it  is  left  without 
further  stirring,  until  the  surface  of  the  charge  assumes  Uie  appearance  of 
beconung  moist,  with  a  slight  hissing  or  frizzing  sound.  In  the  meantime 
the  charge,  while  still  red-hot  in  the  interior,  is  removed  from  the  '*  wrinkle" 
and  thro^vn  into  a  cistern  of  water.  The  water  thus  heated  dissolves  the 
tungstate  of  soda ;  tlie  solution  is  run  off  from  a  hole  in  tlie  bottom,  provided 
with  a  suitable  filter,  to  prevent  the  nmning  out  of  the  tin  ore.    Fresh  water 
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is  again  run  on,  to  wash  o£f  the  remainder  of  the  soluble  matters;  and  the 
tin  stuff  is  then  removed  from  the  tank  to  the  burning-house  dressing-floor  for 
final  treatment. '  The  strong  solution  is  evaporated  in  iron  pans  to  the  ciystal- 
lizing  point,  when  it  is  drawn  off  into  coolers.    After  a  few  days  a  large  crop 

of  beautifully  crystallized  tuBgstate  of  soda  p-- 
is  obtained ;  and  the  mother  liquor  is  again 
treated  in  a  similar  manner,  for  the  obtain- 
ing of  a  further  quantity  of  crystals.  The 
washings  of  tlie  tin  stuff  run  off  from  the 
tank  are  used  instead  of  plain  water  for  the 
lixiviatiou  of  fresh  charges  from  the  furnace. 


FIg.lM. 


Instead  of  soda  ash,  sulphate  of  soda  may  be  employed,  which  does  not 
cost  half  as  much  as  the  former ;  but  the  operation  requires  to  be  conducted 
with  care,  such  only  as  would  be  taken  by  ordinary  workmen,  under  the 
direct  active  supervision  of  a  person  understanding  the  nature  of  the  process. 


Fig.  155. 


With  the  tin  stuff  a  quantity  of  crude  sulphate  of  soda  or  salt-cake  is  mixed, 
such  as  will  contain  a  full  equivalent  of  soda  for  the  tungstic  acid  present ; 
but  it  is  necessary  also,  at  the  same  time,  to  mix  with  the  salt-cake  a  quantity 
of  powdered  coal  or  culm,  sufficient  for  the  decomposition  of  the  sulphuric 
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acid,  and  consequent  evolntion  of  the  sulphur.  The  charge  having  been 
well  mixed  in  proper  proportions,  is  thrown  into  the  furnace,  the  doors  closed, 
and  the  charge  heated  to  a  dull  red  throughout,  with  a  strong  smoky  or 
reducing  flame,  the  object  being  at  first  to  effect  the  deoxidation  of  sulphuric 
acid.  It  should  be  well  stirred,  and  the  reducing  flame  maintained  until  the 
pyrophoric  appearance  has  ceased.  A  bright  clear  flame  should  then  be  pro- 
duced, carrying  with  it  much  highly  heated,  but  undecomposed  atmospheric 
air,  constituting  an  oxidating  flame,  as  the  object  now  is  to  cause  the  com- 
bination  of  the  tungstic  acid  of  the  wolfram  with  the  soda,  from  which  the 
sulphur  has  been  sufficiently  detached,  to  allow  the  tungstic  acid  to  complete 
the  decomposition.  A  moderately  clever  furnace-man  will  produce  the  effect 
desired  with  great  nicety. 

The  furnace  is  of  peculiar  construction,  as  shown  in  Figs.  154  and  155 ; 
it  will  be  seen  that  the  fire  passes  over  a  cast-iron  bed,  provided  with  a  rim 
rising  four  inches  around  the  sides.  The  bed  is  cast  in  two  equal  parts; 
this  construction  was  found  necessary,  as  the  plate,  if  cast  in  one  piece, 
always  cracked  through  the  middle.  The  bed  is  set  on  the  sides  of  the  fur- 
nace, but  with  a  diagonal  line  of  brick- work  running  underneath  from  the 
back  nearly  to  the  front,  forming  a  flue,  through  which  the  flame  and  smoke 
circulate,  instead  of,  as  in  ordinary  reverberatory  furnaces,  passing  directly 
away  to  the  main  flue  of  the  chimney ;  thus  a  great  economy  of  fuel  is 
effected,  without,  as  might  have  been  expected,  great  cost  for  the  maintenance 
of  condition  of  the  iron  bed.  Although  in  the  intervals  of  the  employment 
of  the  frumace  for  carrying  on  the  wolfram  process,  it  is  employed  for  cal- 
cining the  sulphurous  and  arsenical  witts ;  yet  one  of  these  beds  has  been 
maintaioed  in  working  condition,  without  requiring  renewal,  for  nearly  three 
years.  Iron  was  chosen  as  the  material  for  the  bed  of  the  furnace,  not 
merely  on  account  of  the  economy  of  fuel  inyolved,  but  principally  because 
the  ordinary  fire-brick  is  entirely  imsuited  for  the  successful  prosecution  of 
the  process.  Silica  and  tin  have  a  great  affinity  for  each  other;  and  this  is 
very  materially  promoted  by  the  intervention  of  any  alkaline  matter,  so  that 
with  fire-brick  much  soda-^cate  of  tin  would  have  been  produced  at  the 
expense  of  leaving  much  of  the  tungstates  still  unacted  on.  This  process 
has  now  been  at  work  since  1850  contLnuously,  in  Drake  Walls  Mine,  with 
considerable  pecuniary  advantage  to  the  adventurers. 

Since  the  invention  of  this  process,  a  plan  has  been  introduced  by  Young 
of  Manchester  for  the  production  of  stannate  of  soda  for  dyeing  purposes, 
by  the  calcination  of  a  mixture  of  soda  and  of  the  smalls  or  slime  of  tin 
oxide. 

The  dressing  of  the  tin  ore  having  been  completed,  towsurds  the  end  of  tlie 
month's  working,  samples  are  taken  of  the  ores  in  their  various  conditions, 
and  these  are  sent  to  the  various  smelting  establishments  in  different  parts 
of  Cornwall. 

After  these  have  been  assayed  by  the  smelters,  they  send  offers  of  prices 
according  to  their  value,  having  such  a  relation  to  the  price  of  the  metal  ob- 
tainable as  they  are  pleased  to  give,  but  not  such  as  they  are  really  worth. 
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The  ores  having  at  length  found  their  way  from  the  mine  to  the  smelting- 
house,  have  here  hut  few  processes  to  pass  through.  Occasionally,  as  they 
may  require,  they  are  digested  in  sulphuric  or  muriatic  acid, 
to  remove  any  residuary  iron  or  copper.  In  this  country  tlic 
extraction  of  the  metal  is  effected  in  a  rcverberatory  furnace, 
as  shown  in  sectional  elevation,  Fig.  150,  and  in  plan,  Fig. 
157,where  Aisthe  fire-door  for  cleaning  tlie  fire-bars;  E  tlic 
draught-hole,  sometimes  opened  during  the  skimming  of  the 
charge;  F  is  a  bedof  fire-biiclc,  supported  on  an  arch,  or  on 
iron  bars;  B  is  the  door  for  charging;  and  C  the  door  for 
working  the  charge,  which  is  placed  at  the  back,  under  the 
chimney,  for  the  purpose  of  preventing  the  oxidating  effect 
of  the  stream  of  air  which  would  obtain  access  to  the  charge, 
if ,  as  is  usually  the 


case  with  rcverbera- 
tory furnaces,  tlie 
worldng-door  were  in 
the  side.  GG  are  iron 
pans,  with  fire  beneath  f ;  ( 

them,  into  which  the 
charge  is  run,  when 
melted,  through  the 
tap-hole  D.  The  chim- 
ney is  usually  40  to  50  feet  in  height. 


J^h^ 


Fig.  156. 


The  ores,  as  rendered  to  the  smelter, 
vary  in  quahty  from  12  to  15  in  20  for  white  tin,  or  from  60  to  75  per  cent. ; 
hut  the  assays  are  always  spoken  of  in  the  proportions  of  20.    For  the  ordinaiy 

size  fiimace,  the  charge 

^         _     3      _       J^  1       consists  of  20  to  25  cwt. 

r        ^         W  "'^'^  of  bhM5k  tin,  mixed  witih 

12  to  18  per  cent,  of  pow- 
dered culm  or  anthracite, 
and  a  small  quantity  of 
slaked  lime  or  fluor-spar, 
varied  according  to  the 
proportion  of  silica  con- 
tained in  the  ore.  The 
materials  are  damped, 
well  mixed,  and  thrown 
into  the  furnace  through 
the  door  B,  which  is  im- 
mediately closed,  and  the 
fire  maintained  as  strongly 
as  possible  for  six  to  eight  hours,  or  until  the  whole  mass  is  fused.  The  charge 
is  then  well  mixed  up,  to  ensure  the  complete  fusion  of  any  ore  remaining  un- 
reduced. The  doors  are  again  closed  for  a  short  time,  to  recover  the  heat  of  the 
furnace,  and  to  complete  ihe  fusion  of  the  charge.   It  is  again  opened,  and  the 


Fig.  137. 
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charge  worked  off,  by  first,  through  the  door  D,  raking  off  the  top  scoria,  which 
has  been  chilled  by  throwing  a  small  quantity  of  damp  small  coal  over  the 
surface  of  the  charge.  About  three-fourths  of  the  whole  of  the  scoria  is  raked 
off,  and  kept  separate  fix>m  the  remainder,  as  being  fit  only  to  be  thrown 
away ;  a  portion  of  the  remainder  is  removed,  and  set  aside  for  stamping 
over  again,  to  separate  the  "prills"  of  metal  diffused  through  the  slag;  the 
last  portion  removed  from  the  surface  of  the  clean  tin  is  reserved  for  melting 
over  again.  The  metal  itself  is  run  out  into  the  cast-iron  pans  G,  through 
the  hole  D,  by  clearing  out  the  stopper  of  fireclay  with  which  the  mouth  of 
Or  was  closed.  Here  it  is  allowed  to  stand  for  some  time,  until  the  scoria  in 
the  body  of  the  metal  has  risen  to  the  surface.  After  skimming,  the  metal 
is  ladled  out  into  cast-iron  moulds,  which  contain  about  three  cwt.  each. 
One  day  a  week  is  usually  devoted  to  the  refining  of  the  crude  metal  obtained 
in  this  first  process.  From  the  following  analyses  by  Berthier  of  crude  tins, 
it  will  be  seen  what  has  to  be  accomplished  by  the  refining  operation,  or  by 
the  treatment  of  the  product  of  the  first  process. 


i 


1. 

2. 

3. 

4. 

6. 

Tin     . 

.    99-5 
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970 
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825 

Iron    . 

.    trace 

14-6 

2-8 

1-2 
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Lead   . 

•2 

9-9 

•• 

80 

•5 

99*7  97-4  99-8  99*2  995 

The  refining  operation  involves  two  processes :  the  first,  a  liquation;  the 
second,  a  boiling  or  tossing  of  the  metal. 

The  same  reverberatory  furnace  may  be  employed  for  the  liquation,  as  for 
the  reducing  operation.  The  furnace  is  charged  with  blocks  of  the  crude 
metal  piled  up  hollow,  so  as  to  allow  of  the  fiame  passing  through  the  pile : 
a  moderate  heat  being  employed,  the  tin  is  sweated  out;  and  as  it  flows 
down,  it  is  allowed  to  run  out  into  one  of  the  pans  G,  which  has  been  heated 
by  a  fire  beneath,  in  readiness  to  receive  it.  The  mass  gradually  crumbles 
down ;  and  as  room  is  made,  more  blocks  are  put  into  the  furnace,  until  about 
five  to  six  tons  have  been  accumulated  in  the  pan.  The  crumbled  mass  of 
residuary  matters  left  in  the  furnace  is  either  at  once  removed  from  the 
furnace ;  or,  by  raising  the  heat  of  the  fiimace,  it  is  fused  and  run  into  the 
adjacent  pot,  to  be  removed  for  fresh  treatment  with  the  prills  from  the 
stamped  scoria,  and  the  last  skimmings  of  the  metal  in  the  original  reducing 
process.  The  constitution  of  this  alloy  is  shown  in  the  foregoing  table  under 
Column  6 ;  it  contains  about  two  atoms  of  tin  for  one  atom  of  iron.  Column 
2  shows  the  constitution  of  the  last  product  of  the  liquation,  which  is 
obtained  by  an  increase  of  heat ;  it  is  grayish-white,  very  hard ;  capable  of 
being  laminated ;  slightly  flexible ;  very  magnetic.  Column  3  is  the  product 
of  the  fusion  of  the  scoria  obtained  in  the  reducing  operation :  it  is  also  veiy 
magnetic.  Column  4  is  the  alloy  obtained  by  the  fusion  in  the  blast  furnace 
of  the  infusible  residue  of  the  liquation  in  the  reverberatory  furnace.  On 
referring  to  Column  2,  it  will  be  seen  that  nearly  all  the  lead  contained  in  the 
crude  metal  subjected  to  liquation  is  retained  in  the  mass  until  after  most  of 
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the  tin  has  been  melted  out,  as  may  be  seen  by  comparing  Column  2  with 
Golnmn  1 ,  which  is  the  first  product  of  liquation  at  the  lower  heat.  The  first 
residuary  products  of  liquation  are  fused  with  a  stronger  heat,  cast  into 
moulds,  and  subjected  to  a  second  liquation :  the  final  residue  requires  a  very 
much  stronger  heat  for  fusion.  The  product  known  as  "  hard  heads  **  re- 
sembles cast-iron,  highly  crystallized,  white,  very  brittle,  and  easily  reduced 
to  powder.    Berthier's  analysis  shows  its  composition  to  be — 

Tm        .        .        .        .  86-2 

Iron       ....  66*6 

Arsenic  '6 

Cobalt   ....  40 

96-4 


The  scoria  also,  accordmg  to  Berthier,  consists  of— 
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Protoxide  of  manganese 
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The  eliquated  metal  haying  been  accumulated  in  sufficient  quantity  in  the 
iron  pan,  the  process  of  refining  is  commenced  by  forcing  under  the  surface 
of  the  metal,  the  bundle  of  billets  of  green  wood 
shown  mounted  in  the  crane,  by  tlie  side  of  the 
furnace,  over  the  pan  in  Fig.  158.  The  steam 
and  gases  evolved  from  the  wood,  cause  a  vio- 
lent ebullition,  and  the  production  of  a  frothy 
scum,  containing  oxide  of  tin,  wliich  is  .^- 
sldmmed  off,  and  set  aside  for  furtlier  — 
treatment,  with  the  scoria  pro-  '^ 

duced  in  the  first  operations.  '  ^- 

Instead  of  boiling  with  green 
wood,  the  same  effect  is  some- 
times produced  by  tossing  or 
raising  the  metal  in  ladles,  and 
pouring,  from  some  height 
through  the  air,  back  again  into  the  pan.  When  sufficiently  boiled  or  tossed, 
and  sldmmed,  which  process  occupies  about  three  hours,  the  metal  is 
allowed  to  stand  undisturbed  for  another  hour,  during  which  time  it  settles 
into  three  parts  or  zones,  of  which  the  top  is  the  purest,  the  middle  the 
next  in  quality,  and  the  lowest  the  most  impure.  The  heat  of  the  metal 
is  maintained  while  in  the  pan  by  a  fire  underneath.  When  it  has  stood 
quiet  sufficiently  long,  the  metal  is  carefully  skimmed,  and  then  ladled  out 
into  iron  moulds,  which  contain  about  three  hundredweights. 


Fig.  158. 
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The  three  different  sorts  are  kept  separate,  their  quality  being  ascer- 
tained by  taking  a  small  ladlefol,  stirring  and  skimming  it  until  sufficiently 
cold,  and  then  pouring  it  into  a  stone  ingot-mould,  watching  the  appearance 
of  the  metal  as  it  cools.  If  sufficiently  pure  to  class  as  grain-tin,  it  will 
remain  bright  and  clear,  full,  and  well  rounded  on  the  sides,  until  quite  cold  ; 
if  only  sufficiently  good  to  class  as  common  tin,  it  will  remain  bright,  but 
not  so  full  and  well  rounded  on  the  sides ;  until,  at  the  instant  of  becoming 
solid,  from  the  middle  of  the  ingot  a  frosted  crystalline  appearance  shoots 
out  to  the  sides.  In  the  third  quality,  the  colour  becomes  slightly  yellowish, 
and  the  appearance  of  the  frosted  crystalline  markings  takes  place  sooner, 
and  completely  covers  the  whole  of  the  surface.  Examining  the  ingots 
when  quite  cold,  by  bending  them,  the  remarkable  crackling  sound  character- 
istic of  tin  is  much  greater  in  proportion  as  it  is  purer. 

The  two  first  qualities  are  reserved  for  the  market ;  the  third  is  again 
subjected  to  liquation.  The  best  grain-tin  is  quite  pure ;  but  the  composition 
of  the  other  three  qualities  is  shown  in  the  annexed  analyses  by  Berthier : — 
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Bad. 
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Formerly,  in  Cornwall,  where  nearly  all  the  tin-smelting  is  carried  on, 
the  ores  were  smelted  in  blast-furnaces — and  hence 
the  smelting  establishments  were  known  as  blowing 
houses  :  at  present,  reverberatory  furnaces  only  are 
employed  j  but  in  Germany,  at  Altenberg,  the  blast- 
furnace is  still  employed,  as  shown  in  Figs.  159  and 
IGO,  which  are  a  vertical  section  and  plan  of  the 
furaace,  with  the  bellows  employed  for  producing 
the  blast.    A  is  the  plan  of  the  large  furnace  employed 
for  the  fusion  of  the  raw  ore,  being  about  fourteen 
feet  liigh,  constructed  in  the  body,  J  J,  of  coarse- 
grained porphyritic  syenite.    The  laboratory,  or 
crucible  of  the  furnace,  F,  is  built  of 
a  very  refractory  fire-brick ;  it  is  of  an 
oval  form,  and  the  lower  portion  of 
pj    jjg  it  is  lined  with  a  very  stiff  brasque  of 

charcoal  and  fire-clay,  tighOy  rammed 
down.  From  the  bottom  of  the  furnace  a  channel,  shown  in  the  eleva- 
tion, conducts  the  fused  charge  into  the  iron  basin,  I,  from  which  the  scoria 
is  let  off  from  the  side  down  the  inclined  plane,  G,  into  the  small  reservoir 
of  water,  H;  and  the  metal  beneath  is  let  out  by  the  channel,  K,  into  the 
receiver,  L,  which  is  of  a  rectangular  form,  about  eighteen  inches  square 
and  two  feet  deep.   The  large  furnace  stands  imder  a  dome,  or  cupola,  shown 
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by  the  dotted  line  around  the  furnace ;  it  is  twenty  feet  long,  twelve  wide, 
and  sixteen  high,  above  the  top  of  the  furnace.  It  is  so  constructed  as  to 
catch  the  light  powder  of  the  ore  driven  off  by  the  blast,  so  as  to  prevent  its 
waste.    The  blast  is  produced  by  the  bellows,  D  D,  driven  by  the  cog-wheel 


Yig,  160. 

on  the  shaft,  G,  which  is  moved  by  a  waterwheeL  The  fumaee  is  charged 
through  a  door  on  the  left  side,  about  three  feet  above  the  hearth  of  the  fur- 
nace. The  small  furnace,  B,  is  about  five  feet  high.  It  is  constructed  in 
the  same  manner  as  the  high  fornaoe,  but  is  used  ^tkl^  lor  the  fusion  of  the 
scoria  arising  Ai^m  the  operations  in  the  large  furnace. 

The  furnaces  are  slowly  dried  before  they  are  used.  When  the  large 
furnace  is  first  set  to  work,  it  is  charged  with  scoria  and  fuel ;  the  blast  is  set 
on  moderately  at  first,  so  as  to  reduce  the  most  fusible  poi*tion  of  the  scoria, 
before  the  remainder  is  brought  into  fusion ;  afterwards  the  heat  is  increased 
until  the  furnace  is  brought  into  fit  conditioii  for  regularly  working  off  the 
raw  ore,  which  is  then  charged ;  and  at  the  end  of  four  hours  the  metal  begins 
to  make  its  appearance.  As  the  scoria  appears  on  the  surface  of  the  basin 
in  the  bottom  of  the  furnace,  it  is  skimmed  off;  until  at  the  end  of  about 
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twenty  to  twenty  four  hoars,  the  baedn  is  fall  of  metal,  when  the  hole  is 
opened,  and  the  metal  ran  oat  into  the  front  basin.  From  time  to  time» 
according  to  the  appearance  of  the  fomaoe,  especially  having  regard  to  the 
condition  of  the  tnyeres  of  scoria  formed  in  front  of  the  nozzles  of  the 
bellows,  fresh  charges  of  ore  are  added  in  varying  quantities. 

Althoagh  the  metal  prodaced  from  the  blast  fomace  is  usually  better  than 
that  obtained  from  the  reverberatory  furnace,  yet  the  expense  of  fuel  and 
the  loss  of  ore  are  so  much  greater  than  vnth  the  latter,  that  the  use  of  the 
blast  furnace  is  nearly  abandoned.  With  the  reverberatory  furnace,  for  one 
ton  of  tin  produced,  tibie  consimiption  of  fuel  amotmts  to  If  tons,  with  a  loss 
of  five  per  cent,  of  metal.  With  the  blast  furnace  the  fuel  consumed  amounts 
to  about  three  tons  of  coals,  with  a  loss  of  metal  equal  to  fifteen  per  cent. 

From  the  smelting-house  the  metal  is  sent  to  market,  in  the  form  of 
blocks  of  three  hundredweights,  one  hundredweight,  or  half  a  hundredweight 
each ;  or  in  strips,  cast  in  moulds  of  white  marble,  about  two  feet  long,  one 
inch  wide,  and  half  an  inch*  thick ;  or  it  is  rendered  in  the  form  known  as 
*'  grain-tin,'*  which  is  made  by  heating  a  block  to  as  high  a  temperature  as 
possible,  without  melting.  On  letting  the  block  so  heated  fall  from  a  con- 
siderable height,  or  by  striking  it  with  a  heavy  hammer,  it  is  shivered  into 
fragments,  presenting  the  appearance  of  long  crystalline  fibrous  masses, 
entangled  in  each  other,  in  forms  scarcely  describable. 

The  metal  is  largely  employed  in  the  manufacture  of  various  alloys ;  those 
of  tin  with  copper  have  already  been  noticed  under '  *  Copper."  For  the  manu- 
facture of  solders  it  is  much  used  in  the  following  proportions : — 

Tin.  Lnd. 

Plamber^B  solder  .  .  .  1  .  .  1 
Tinman's  solder  .  .  .  1  .  .  2 
Pewterer's  solder  .        .        .        2        .        .        1 

It  is  not  much  used  in  the  pure  metallic  form,  but  almost  exclusively  as  a 
tin-foil,  for  covering  bodies  to  protect  them  more  efifectually  from  moisture 
than  paper  will  do ;  or  for  the  making  of  the  amalgam  which  is  used  in  the 
manufacture  of  looking-glasses.  Perhaps  the  most  extensive  use  of  the  metal 
is  for  making  tin-plate,  which  is  not,  as  is  commonly  supposed,  a  plate  of  tin, 
but  a  plate  of  sheet-iron,  the  surfiices  of  which  are  covered  with  an  aUoy  of 
iron  with  tin.  Two  different  sorts  of  sheet-iron  are  used  for  the  manufacture 
of  the  plates — **  coke  "  and  "  charcoal "  iron ;  so  called,  according  as  the  one 
or  the  other  fuel  is  employed  in  the  manufacture  of  the  sheet-iron.  Although 
much  manual  dexterity  is  necessary  for  the  making  of  tin-plates,  yet  the  pro- 
cess itself  is  simple.  The  plates  of  iron,  cut  by  machinery  to  the  proper  size, 
are  pickled ;  that  is,  laid  in  dilute  sulphuric  acid  for  a  sufficient  time  to  clear 
the  scale  of  oxide  from  the  surfaces  of  the  sheets.  They  are  carefully  washed 
clean,  and  kept  in  store  until  wanted,  under  pure  water.  The  plates,  dried  by 
rubbing  them  over  with  warm  bran,  are  put  into  a  bath  of  melted  tin,  covered 
with  tallow.  They  are  kept  in  this  bath  about  an  hour  and  a  half,  are 
removed,  and  dipped  one  by  one  into  another  bath  of  purer  tin  for  a  moment ; 
they  are  passed  on,  to  be  dipped  into  a  bath  of  tallow ;  thence  they  are 
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relnoTed  to  a  rack  and  are  set  on  edge  until  sufficiently  cool  for  handling;  1 
and,  finally,  the  wire  formed  at  the  lower  edge  by  the  metal  ronning  down  j 
oyer  the  snrflAce,  is  removed  by  dipping  the  edge  of  the  sheet  into  another 
bath  of  metal,  only  a  quarter  of  an  inch  deep.  When  the  wire  is  melted, 
the  superfluous  metal  is  removed  by  a  sharp  blow  on  the  edge  with  a  light 
stick.  The  tallow  is  then  removed  by  cleaning  with  bran,  and  the  plate  is 
rendered  fit  for  the  market.  Very  large  quantities  of  tin  plate  are  used  lor 
the  manufiEusture  of  domestic  utensils,  and  in  America  for  covering  the  zoois 
of  houses. 

Iron,  either  wrought  or  cast,  may  be  easily  tinned  by  first  brightening  it, 
either  by  filing  or  by  laying  it  in  sulphuric  acid,  washing  it  dean,  then  dipping 
it  into  a  solution  of  "  butter  of  zinc,"  or  zinc  dissolved  in  muriatic  acid, 
drying  the  iron  so  dipped  without  wiping,  and  then  dipping  the  iron  for  a  few 
moments,  or  until  it  has  reached  the  same  temperature,  into  a  bath  of  tin. 
Iron  so  tinned  can  be  jointed  to  other  soft  metals  with  common  tin  solder. 

Much  of  the  grain-tin  is  used  for  the  manufacture  of  dyers*  mordants, 
known  as  "  tin  liquors,'*  which  are  prepared  in  a  variety  of  ways,  according 
to  the  purposes  for  which  they  are  required.  They  are,  however,  principally 
solutions  of  tin  in  muriatic  acid,  or  nitro-muriatic  acid,  or  of  muriates  oir 
nitro-muriates  in  ammonia. 

The  quantity  of  tin  ore  raised  in  Cornwall  in  1855,  from  129  mines, 
amounted  to  8415  tons ;  value,  ^£541, 643.  In  Devonshire,  from  14  mines, 
181  tons;  value,  ^10,874.  In  the  same  year,  the  importations  of  metallic 
tin  into  the  United  Kingdom  amounted  to  16J  2  tons,  and  the  esportations  to 
1338  tons;  value,  ^152,928. 
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CHAPTER  XXIX. 

ZINC,  ITS  ALLOTS  AND  SYNONTME&. 

Synonytnes:  Zincum;  Zuxc^Fr.;  Zmk^Oer,;  Spelter,  Conterfej. — Fzisoh, 
a  Gennaii  writer,  says  that  it  was  first  called  zink,  zinetum,  or  zincum, 
because  the  fumace-calamine  assumes  the  figure  of  ziuken  or  zachen,  nails 
or  spikes.  This  metal  was  unknown  to  the  ancients;  and  although  partially 
described  by  the  alchemist  Albertus  Magnus,  in  the  thirteenth  century,  and 
mentioned  by  Grignon  ae  having  been  found  in  the  ruins  of  an  ancient 
Roman  city  in  Champagne,  we  have  no  distinct  mention  of  the  metal  until 
Paracelsus,  in  the  sixteenth  century,  first  used  its  name,  and  gave  a  precise 
description  of  it  Henkel,  in  1741,  gave  an  account  of  his  success  in  obtain- 
ing the  metal  from  calamine,  by  the  addition  of  a  carbonaceous  material; 
and  he  is,  no  doubt,  the  first  who  procured  the  metal  from  calamine,  at  least 
in  Europe.  Dr.  Isaac  Lawson,  of  Scotland,  first  introduced  the  manufao- 
ture  of  zinc  on  the  large  scale  into  Great  Britain.  Zinc  works  were  estab- 
lished at  Bristol  by  Champion  in  1743.  At  a  remote  period,  the  ores  of  zinc, 
known  as  cadmia  and  tutia,  were  used  with  copper  in  the  manufacture  of 
brass. 

The  metal  was  first  introduced  into  Europe  from  the  East  Indies,  under 
the  names  of  speltrum,  speauter,  Indian  tin.  The  present  process  employed 
in  England  for  the  smelting  of  the  metal, p^  deseeruum,  appears  to  have  been 
introduced  from  China  about  the  year  1740.  In  Beckman's  "  History  of 
Inventions,**  and  Watson*s  "  Chemical  Essays,'*  are  to  be  found  interesting 
historical  memoirs  of  the  discoveiy  and  introduction  of  this  metal.  From 
the  former  of  these  writers,  we  select  a  few  extracts  illustrating  the  discoveiy 
of  this  metal. 

That  the  mixture  of  zinc  and  copper,  known  as  brass,  pinchbeck,  prince's 
metal,  &c.,  was  known  to  the  ancients,  is  beyond  dispute.  Mines  containing 
the  ores  from  which  this  yellow  metal  was  produced,  were  held  in  high 
estimation,  and  much  regretted  when  exhausted.  In  the  course  of  time  it 
was  remarked  that  an  ore,  which  must  have  been  calamine,  when  added  to 
copper  while  melting,  gave  it  a  yellow  colour.  This  ore  was  therefore  used, 
though  it  was  not  known  what  metal  it  contained,  in  the  same  manner  as 
oxide  of  cobalt  was  employed  in  colouring  glass.  When,  in  course  of  time, 
more  calamine  was  discovered,  the  ancient  method  of  procuring  brass  from 
copper-ore  containing  zinc  was  abandoned;  and  it  was  found  more  con- 
venient first  to  extract  from  it  pure  copper,  and  then  to  convert  it  into  brass 
by  the  addition  of  calamine. 

The  ore  known  to  the  ancients  as  coJmta,  was  what  the  German's  call 
ofenbruokt  and  which  is  with  us  called  fumace-calamine,  or  what  in  melting 
ore  containing  zinc,  or  in  making  brass,  falls  to  the  bottom  of  the  fiimace. 
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For  mftny  centuries  the  fumace-calamine  was  thro^  aside  as  useless ;  till  at   I 
length,  in  the  middle  of  the  sixteenth  century,  Erasmns  Ebenir  first  showed   ' 
that  it  might  be  nsed  instead  of  native  calamine  for  making  brass.     This 
discovery  induced  the  managers  of  the  brass-works  in  the  Hartz  Forest  to 
pick  np  carefully  that  which  had  previously  been  thrown  aside  as  waste. 

This  metal  is  of  a  bluish-white  colour,  sufficiently  hard  to  bear  a  polish. 
Its  specific  gravity  is  6*8  to  7' 2.  It  fuses  at  a  low  red-heat,  and  volatilizea  at  | 
a  white-heat,  and  distils  over  in  close  vessels ;  but  in  the  open  air,  at  a  bright  I 
red,  it  takes  fire,  and  bums  away  rapidly,  witii  the  production  of  dense  fnmes  I 
of  white  oxide  of  zinc,  known  as  **  philosopher's  wool.**  Veiy  fine  tunungs  j 
of  the  metal  placed  in  an  open  wire- work  basket,  fireely  exposing  it  to  the  | 
atmosphere,  will  take  fire,  and  bum  with  great  vivacity,  giving  out  an  intense  | 
Mght,  if  only  set  fire  to  with  a  lighted  match.  If  the  metal  be  cast  into  a 
thick  cake,  and  allowed  to  cool  very  slowly,  on  breaking  it  the  fracture  will 
present  a  highly  crystalline  appearance.  It  is  malleable  in  the  cold,  tmt 
brittle.  Its  greatest  ductility  and  malleability  are  developed  at  temperatures 
between  212"  and  220"  Fah.  Above  these  temperatures  the  metal  becomes  so 
very  brittle  that  it  can  be  reduced  to  powder.  As  it  will  not  bear  violent 
hammering  when  cold,  so  as  to  reduce  it  into  thin  sheets,  it  was  not  until  a 
comparatively  recent  period,  when  its  maximum  ductility  at  the  temperatures 
referred  to  was  discovered,  that  the  metal  was  used  in  the  form  of  sheets  or 
foils.  By  using  a  boiling  solution  of  salt  and  water,  the  lamination  of  the 
metal  can  now  be  effected  with  ease ;  and  its  consumption  has  consequently 
very  much  increased.  Drawn  into  a  wire  one-twelfth  of  an  inch  in  diameter, 
it  will  support  twenty -five  pounds  weight  without  breaking.  It  has  a  great 
affinity  for  oxygen.  In  a  dry  atmosphere,  at  ordinazy  temperatures,  it  re- 
mains unchanged ;  but  in  a  moist  atmosphere  it  rapidly  tarnishes,  and  becomes 
covered  with  a  very  thin  coating  of  white  oxide.  It  decomposes  water  at  a 
red-heat :  it  is  very  soluble  in  acids.  In  sulphuric  acid,  or  oil  of  vitriol,  it 
dissolves  with  the  evolution  of  sulphurous  add;  but  in  dilute  sulphuric 
acid,  as  wcU  as  in  muriatic  acid,  it  dissolves  with  the  evolution  of  hydrogen. 
The  rapidity  of  solution  is  in  the  inverse  ratio  of  its  purity.  Pure  zinc  re- 
quires eight  days  for  its  solution  in  the  same  quantity  and  same  strength  of 
acid  in  which  the  zinc  of  commerce  is  dissolved  in  an  hour. 

De  la  Rive  has  shown,  by  direct  experiment,  that  zinc  mixed  with 
other  metals,  in  the  proportion  of  nine  of  the  former  to  one  of  the  latter,  by 
solution  in  dilute  sulphuric  acid,  produces  the  quantities  of  gas  in  a  given 
time  indicated  in  the  following  table : — 

Zinc  of  commerce,  and  alloys  of  zinc,  with  iron  in  proportions  as 

small  as  TO i;  of  iron 100 

Alloys  of  zinc  and  copper 4S 

Bo.  of  zinc  and  lead 15 

Do.  of  zinc  and  tin 12 

Distilled  zinc 6 

A  rapid  disengagement  of  gas  may  also  be  produced  by  surrounding  the 
zinc  with  a  spiral  of  platina  wire.     The  best  proportions  of  acid  and  water 
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appear  to  be  not  less  thau  one  of  acid  to  three  of  water,  and  not  more  than 
one  of  acid  to  two  of  water.  The  zinc  of  commerce  is  never  pure ;  it  always 
contains  traces  of  iron,  carbon,  arsenic,  copper,  lead,  and  cadmium.  Zinc 
containing  arsenic,  on  solution  in  cither  muriatic  of  sulphuric  acid,  evolves 
anieniuretted  hydrogen.  It  may  be  purified  by  redistillation.  It  is  also 
rapidly  oxidized  by  the  action  of  caustic  potash  and  soda  in  water,  entering 
as  an  acid  into  combination  with  these  bases,  forming  soluble  zincates  of 
potash  and  soda.  If  metallic  iron  be  present,  and  in  contact  with  the  zinc 
in  the  alkaline  solution,  hydrogen  is  given  off  as  the  salt  is  formed.  The 
solution  by  evaporation  is  converted  into  t^  bright  solid  form,  which  is  very 
deliquescent  in  the  open  air. 

Zinc  is  never  found  native  in  the  metallic  state,  but  mineralized  prin- 
cipally with  oxygen,  carbonic  acid,  sulphur,  and  silicic  acid.  The  red  oxide 
of  zinc,  brucite,  or  spartahte,  is  found  in  considerable  quantities  at  Sparta, 
Kew  Jersey,  United  States.  It  is  of  a  blood-red  colour,  opaque,  hard,  and 
brittle.  Its  fracture  is  shining,  lamellar,  slightly  conchoidal,  and  thin  frag- 
ments are  translucent.  Specific  gravity,  5*48.  By  exposure  to  the  air,  the 
sm&oe  becomes  white,  from  the  formation  of  a  carbonate.  Its  composition, 
acooiding  to  Berthier,  is — 

Oxide  of  zinc    ..••••••••••    8800 

Oxide  of  numgtmese  ••••••••••    1200 

10000 
A  laige  mass  of  this  mineral  was  exhibited  by  the  New  Jersey  Mining  Com- 
pany in  the  Great  Exhibition  of  1851. 

Oarbanate  of  Zino,  Calamine,  Zino-ipar,  Ehombohedrdl  Zino  SaryU,  or 
SmUhionite,  is  found  in  tlie  Mendip  Hills,  Somersetshire ;  Derbyshire,  Cum- 
berland; Leadhills  and  >yanlock-head,  ScoUaiid;  Aix-la:Chapelle,  Siberia, 
Hungary,  Silesia,  Brillon  in  Westphalia;  Jefferson  county,  Missouri,  U.S.; 
Mexico,  and  China.  This  mineral  is  quarried  in  very  laige  quantities  at 
Vieille  Montagne,  between  Liege  and  Aix-la-Chapelle.  It  is  foimd  either 
white,  yellowish-gray,  or  broT^;  mostly  opaque,  but  occasionally  translucent. 
It  is  of  a  granular  texture;  vitreous,  pearly  lustre ;.  its  fracture  smooth,  or 
imperfectly  conchoidal.  Specific  gravity,  4*2  to  4'5.  It  is  rarely  found 
dystallized,  but  mostly  in  stalactitic  cellular  or  botiyoidal  masses,  or  in 
radiated  and  lamellar  concretions.  It  does  not  contain  water.  Its  composi> 
tion  varies  according  to  the  localities  whence  it  is  obtained.  The  following 
analyses,  given  by  Berthier,  will  show  this : — 


Oxide  of  zino     •    •    •    •    • 

Wales. 

Siberia. 

UraL 

Pyreneea. 

64*600 

62*200 

66-400 

68-600 

Protoxide  of  iron    ,     .    •    . 

,. 

•900 

8-400 

, , 

Protoxide  of  manganese  «    • 

, , 

1-900 

, , 

, , 

Carbonic  acid  and  water  •    • 

86-400 

85000 

84-200 

29-600 

Earthy  matters 

•  • 

•400 

3-600 

Peroxide  of  iron     •    •    •    • 

6000 

6-000 

Oxide  of  lead 

.. 

.. 

2-600 

100000 

100000 

99-400 

99-400 

USEFUL  METALS. 
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SILICATE  OF  ZINO. 


These  mav  be  stated  as  follow :— *• 


Wfllee.       Siberia.  | 

UraL 

Pyrenees. 

Carbonate  of  zino   •    •    •    • 
Carbonate  of  iron    .    •    •    • 
Carbonate  of  manganese  .    . 

Hydrate  of  iron 

Earthy  matters  •    •    •    •    • 

100-000 

•  • 

•  • 

96000 
1-600 
8- 

87-300 
6-300 

6-300 
•400 

87-000 
8-200 

li;600 
3-600 

100-000 

99-600 

98-300 

99-400 

It  is  soluble  in  muriatic  acid,with  the  eTolution  of  carbonic  acid  gas ;  also  in  i 
monia,  and  more  rapidly  in  solution  of  carbonate  of  ammonia  slightly  heated. 
The  Silicate  of  Zinc,  Electric  Calamine,  SiUceous  Oxide  of  Zinc,  Gdlmei^ 
Prismatic  Zinc  Baryte,  WUlenUte, — This  mineral  is  found  in  large  quantLties  in 
the  same  localities  as  the  carbonate.  It  occurs  massire,  botiyoidal,  cellular, 
stalactitic,  stalagmitic,  but  rarely  ciystallized,  of  a  granular,  fibrous,  and 
lamellar  structure.  When  heated,  it  becomes  strongly  electric ;  when  pure 
it  is  colourless ;  but  is  mostly  found  of  a  bluish-white  or  yellow-gray.  When 
crystallized  it  is  transparent  or  translucent.  Its  fracture  is  campad  or 
radiated,  of  a  vitreous  lustre.  Its  specific  gravity  is  3-379  to  8'4S4»  It 
gelatinizes  by  solution  in  acids,  in  consequence  of  the  presence  of  silica.  It 
is  not  reducible  alone  with  charcoal,  but  requires  an  earthy  body  or  an 
alkali  to  detach  the  silica  from  the  zinc  oxide.  When  pure,  it  is  a  hydrated 
silicate  of  zinc,  composed  of  two  atoms  of  silicate  of  zinc  and  one  atom  of 
water.    Berthier's  analyses  of  three  di£ferent  samples  are  as  follow : — 


Oxide  of  zino     •    •    • 

Siberia. 

YlelUeMoiitagne. 

yieUle  Montague. 

64-700 

66-300 

6-400 

Silica  ...••• 

26-300 

24-900 

2000 

Water.     .    .    .    .    . 

9-600 

7-400 

•600 

Oxide  of  copper      .    . 

•600 

•  • 

Oxide  of  manganese    • 

', , 

•  • 

•  • 

Oxide  of  zinc     •    .    • 

Oxide  of  iron     •    •    , 

8-000 

Oxide  of  tin  .    .    .    • 

,  • 

•300 

Carbonate  of  zinc  •    • 

•  • 

1100 

89-000 

100000 

100-000 

100000 

The  silicate  of  zinc  is  also  met  with,  occasionally  in  large  masses,  in  the 
anhydrous  state :  it  is  known  as  Williamsite.  It  is  found  in  Switzerland,  in 
the  same  localities  as  the  calamines,  and  associated  with  them ;  its  conatita- 
tion  being  the  same,  excepting  the  water. 

Sulphuret  of  Zinc  Blende,  Blach-jach. — ^This  is  a  mineral  of  zino,  which,  as 
some  of  the  principal  sources  of  calamine  are  becoming  exhausted,  is  increas- 
ing in  importance  as  an  ore  of  this  metal.  It  is  found  in  large  quantitieB 
in  the  Isle  of  Man,  Cumberland,  Derbyshire,  Cornwall,  the  Hartz,  Hungazy, 
Transylvania,  Saxotay,  Bohemia,  Sweden,  and  in  the  United  States.  The 
produce  of  the  British  mines  for  the  year  1855,  amounted  to  about  10,000  tons. 

It  is  very  seldom  found  in  large  quantities  alone^  but  is  moiB  commonly 
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associated  with  the  sulphnr  ores  of  lead,  or  witli  iron  or  copper  pyrites. 
Small  quantities  of  cadmium  are  commonly  associated  with  blende.  It  is 
found  in  crystals  of  the  dodecahedral  form,  massive,  crystalline ;  brilliant, 
glassy,  or  resinous  lustre,  and  texture  rarely  granular ;  transparent,  light 
yellow-green,  red-brown,  or  black,  and  opaque.  Specific  gravity,  8'945  to 
4*107.  It  is  phosphorescent  with  heat  and  friction,  and  decrepitates  when 
heated.  It  is  soluble  in  nitric  acid,  but  very  slightly  so ;  in  muriatic  acid 
its  solubility  is  promoted  by  the  presence  of  iron  in  combination. 

It  IS  very  difficult  to  produce  the  sulphuret  of  zinc  artificially,  on  account 
of  the  indifference  of  the  metal  to  sulphur;  yet  it  is  difficult  by  simple 
roasting  to  decompose  the  blende,  which  requires  nearly  a  white-heat  to 
cause  the  evolution  of  the  sulphur  as  sulphurous  acid,  leaving  tlie  zinc  as 
an  oxide.  The  composition  of  four  varieties  is  shown  in  the  following 
analyses  :•— 

Bagn^res  de  S 
32-630        .    .        33-600 


Sulphur . 
Zinc  .  . 
Cadmium 
Gangue . 
Iron  .     , 


66-630 


0-740 


63000 


8-400 


Thomson,  100000  Berthier,  100000 
Proust  has  given  the  analysis  of  a 
blende  containing  only  15  per  cent,  of  sul- 
phur. In  some,  gold  is  said  to  be  present. 
As  the  ores  of  zinc  are  most  commonly 
raised  with  other  ores,  the  method  of  mining 
and  of  preparing  for  the  smelting-house  does 
not  require  a  separate  notice.  Calamine  is 
prepared  for  smelting  by  calcination  in  a 
sort  of  lime-kiln,  or  in  a  furnace  resem- 
bling an  iron  cupola  furnace,  assisted  with 
a  moderate  blast,  as  shown  in  Fig.  161  of 
a  Schaftofen.  The  ore,  mixed  with  coal  or 
coke,  is  thrown  into  the  mouth  of  the  fur- 
nace A ;  and  as  the  calcined  ore  is  drawn 
from  the  furnace  at  E,  it  gradually  finds  its 
way  down  into  the  hotter  parts  of  the  fur- 
nace, B  and  C,  until  at  D  it  meets  with  the 
full  force  of  the  blast  from  tlie  tuyeres  FF ; 
and  the  heat  produced  is  sufficient  to  evolve 
the  whole  of  the  carbonic  acid  and  any  sul- 
phur that  may  have  been  present.  The  cal- 
cined ore  is  groimd  to  fine  powder  before 
mixing  with  the  quantity  of  carbonaceous 
matter  necessary  for  the  decomposition  of 
the  oxide  of  zinc  contained  in  it. 


ichon.       England. 

.    .        33-000 

.    .        61-500 

I    !          1-500 
.    ,          4-000 

Przibram. 
.    .     83-150 
.   •     61-400 
•  •       1*500 

\   !       2-290 

Berthier,  100000 

Lowe,  98-340 
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.CALCINATION  OF  CALAMINE. 


The  heat  is  sometinieB  maintained  in  the  kiln  without  a  blast,  by  haTing 
four  fire-places  arranged  around  the  throat  of  the  kiln,  so  that  the  heat  pro* 
dnced  may  be  drawn  into  it,  and  regularly  distributed  throughout. 

The  nliceous  calamine  is  subjected  to  the  same  sort  of  calcination.  The 
eonstitution  of  the  calcined  products  is  shown  in  the  following  analyses :— - 


I. 

II. 

III. 

IV. 

Oxide  of  zinc,  free    .     .     . 

16-400 

27-100 

60-000 

64-700 

Do.  combined  with  silica 

66-400 

13-160 

7020 

, , 

Silica     ....••• 

21-200 

6480 

2-640 

Oxide  of  iron 

6-800 

63-400 

32-940 

8-300 

Oxide  of  manganese      .     . 

.. 

6-480 

Carbonic  acid  and  water    . 

•  • 

7-200 

Oxide  of  lead  and  loss   .    . 

, , 

0-920 

Sand 

19-600 

99-800 

100-140 

lOO-OOO 

99-700 

The  three  first  analyses  are  by  Schmidt, 
the  fourth  by  Berthier. 

By  calcii^tion,  the  ore  loseli  about 
twenty-five  per  ^nt.  of  its  weight.   The 
calcined  ore,  which  contains  on  an  aver- 
age about  forty  per  cent,  of  zinc,  is 
ground  to  a  very  fine  powder,  sifted 
through  a  fine  sieve,  mixed  uith  half 
its  weight  of  coal-dnst,  and  ia 
then  ready  for   charging  into 
any  of  the  furnaces  em- 
ployed. 

At  Vieille  Montagnc, 
the  furnace  used   is  as 
shown  in  Figs.  162  and 
163.    InFig.  102,  on  the 
left  hand,  is  shown  Uio 
front  elevation;  on  the 
right  hand,  a  sectiontil 
elevation.    BB  are  small 
flues  leading  from  the  fire- 
place A,  to  the  chamber 
in  which  the  small 
fire-clay  retorts  re- 
presented  in    Fig.  ^^^'  ^''" 
163  are  set.    The  products  of  combustion  hav- 
ing conveyed  tiie  heat  to  the  retorts,  by  circu. 
lating  amongst  them,  pass  on  througli  the  flues 
CC,  in  the  arch  of  tlie  chamber,  to  the  main 
chimney,  the  top  of  which  is  supplied  with  a 
damper.     Four  of  these  furnaces  stand  together 
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for  the  purposes  of  economizing  room  and  heat,  and  of  rendering  the  whole 
Btmctore  stronger.    In  the  arched  chamher,  which  is  nine  feet  high  and  six 
feet  wide,  are  placed  forty- two  cylindrical  retorts,  each  three 
feet  eight  iuches  long,  and  six  inches  internal  diameter. 
They  vae  made  of  a  very  refractory  fire-clay,  carefully 
bumt.      Shoi-t  corneal   cast-iron  pipes  are  fitted  to  the 
mouths  of  the  retorts,  projecting  through  the  fire-brick 
breast- work.     On  these  are  adjusted  wrought  iron  tubes, 
tapciing  through  a  length  of  two  feet  to  a  diameter  of  an 
inch  at  the  mouth.    The  inclined  position  of  the 
retorts  and  pipes,  and  the  method  of  supporting  and 
arranging  them  in  the  furnace,  are  shown  on  the 
left  hand  of  Fig.  102,  and  in  the  side  sectional 
elcvation,Fig.  163.    The  breast-work  is  sup- 
ported with  platee  of  cast-iron,  strengthened 
with  WTought-iron  braces. 

A  new  furnace  is  slowly  heated  over  a 
period  of  four  days  to  a  white-heat;  small 
charges  of  the  ore  are  introduced,  and  the 
ii'on  tubes  luted  into  their  places  with  fire- 
clay. In  ihe  course  of  four  or  five  days 
tlic  furnace  is  brought  into  full  working- 
power.  A  charge  for  the  set  of  retorts  in 
one  furnace  consists  of  1100  lbs.  of 
calcined  calamine,  mixed  with  550  lbs. 
of  coaldust.  The  retorts  are  charged 
with  quantities  of  the  mixture  placed 
in  a  sort  of  semi-cylindrical  scoop, 
yarying  according  to  their  position ; 
for  in  spite  of  every  precaution  to 
heat  all  the  retorts  al^e,  those  nearest 
the  fire  obtain  most  heat,  and  there- 
fore work  off  quickest  As  soon  as 
the  retorts  are  charged,  the  iron  pipes 
are  properly  adjusted  in  their  places, 
and  the  full  force  of  the  fire  is  put  on. 
Soon  carbonic  oxide  gas  is  evolved  in 
considerable  quantities,  which  bums 
with  a  blue  flame  at  the  mouths  of  the 
wrought-iron  pipes.  Gradually  the 
quantity  of  the  gas  diminishes,  and  the  flame  obtains  a  greenish-white 
hue,  and  white  fumes  are  copiously  evolved,  when  the  distillation  of  the 
metal  commences.  The  purer  metal  is  deposited  in  ihe  cast  iron  pipe; 
and  the  metal  alloyed  with  lead  is  condensed  in  the  outer  wroughtiron  tube 
^■proving  that,  although  alone  lead  is  not  volatile,  yet  that  when  in  com- 
bination with  zinc  it  is  more  volatile  than  zinc  itselT.    When  the  wrought- 
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iron  pipe  appears  to  be  nearly  filled  np  ^ith  the  condensed  products.  It 
is  removed,  and  its  contents  are  shaken  or  scraped  out.  The  fiqnid 
metal  lying  in  the  cast-iron  pipe  is  raked  out  by  one  workman  into  the  ladle 
supported  by  another.  The  Trrought-iron  pipe  is  again  luted  on,  and  the 
same  process  repeated  until  the  charge  is  worked  off,  which  is  usually 
done  in  twelve  hours.  The  charge  having  been  finished,  the  residuaiy 
matters  in  the  retorts  are  scraped  out ;  they  are  again  charged,  and  the  work 
<sonduoted  as  before.  The  crude  metal  obtained  amounts  to  about  thirty  per 
cent,  of  the  calcined  ore  employed.  The  composition  of  the  residuary  matters 
in  the  retorts  is  shown  in  the  following  analyses  by  Berthier :— 


Zinc  and  oxide  of  ^inc    •    . 
Iron  and  oxide  of  iron    •    . 

Silicate  of  zinc 

Lead 

Sand  and  day 

Carbon 

Liege. 

Iserholne. 

8-60 
1000 
57-50 
tiace 
1900 

4-90 

51-20 
2-60 

200 

43-40 

10000 

99-20 

The  ftised  zinc  scraped  out  of  the  cast  iron  pipes  is  poured  into  ingot- 
moulds  containing  75  to  85  lbs.  each.  The  granular  zinc  is  melted  in  cast- 
iron  pots,  skimmed,  and  cast  into  ingot-moulds.    The  residuary  skimmings 

contain  oxide  of  zinc,  oxide  of  lead, 
protoxide  of  iron,  and  sand,  in  pro- 
portions varying  according  to  the 
quality  of  the  raw  ore  employed. 
These  residua  are  either  worked 
over  again,  or  are  employed  in  the 
manufacture  of  paint. 

Silesian  BKetliod  of  Smelting. 
— The  calamine  ores  of  zinc  are 
raised  in  considerable  quantitieB  in 
Silesia,  and  are  used  for  the  manu- 
facture of  zinc ;  but  although  the 
principle  of  the  process  is  the  same, 
the  furnace  employed  is  very  di^ 
ferent  in  form  and  arrangement, 
which  are  shown  in  Figs.  164  to 
108.  Fig.  164  is  a  plan  of  the 
^'  ^^'  furnace  at  the  level  of  the  fire-bars, 

I,  The  fireplace  and  bed  of  the  furnace,  B  B,  are  built  of  fire4)riek8 
and  tiles.  The  ashpit.  A,  is  shown  in  Figs.  165  and  166.  As  the  same 
letters  are  used  in  each  figure,  the  positions  in  the  plan  may  be  identified 
with  those  in  the  two  vertical  sections,  both  through  the  central  line  of  the 
furnace,  but  at  right  angles  to  each  other.  The  dotted  lines  in  Fig.  164 
show  the  places  of  the  muffles,  F  F,  of  Fig.  1 65,  which  places  are  also  shown 
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at  Y  Y,  in  Fig.  166.  L  L  are  the  sides,  braced  together  with  iron-work,  and 
supporting  the  thrust  of  the  arch,  E.  The  coals,  fed  through  the  fire-place, 
C,  on  to  the  fire-bars,  b,  receiving  the  draught  through  the  ash  pit,  A,  give 
off  the  heat  to  the  interior  of  the  furnace,  in  which  the  ten  retorts,  or  mufiles, 
F  F,  are  arranged ;  the  smoke  passing  off  by  four  holes,  K  K,  in  the  roof 

of  the  furnace.  In  the 
plan,  Y  Y  are  the  holes 
through  which  the  con- 
ducting-pipes,  H,  have 
access  to  the  chambers, 
i  i,  of  which  there  are  ten, 
corresponding  to  the  num- 
ber of  the  retorts.  Tlie 
arch,  E,  is  constructed  of 
a  mixture  of  fire-clay  and 
sand,  carefully  beat  down, 
about  nine  inches  thick, 
on  a  mould  of  wood,  or  tem- 
porary rough  masonry, 
Kg.  iw.  smootlied  over  with  ashes 

or  sand,  which  is  removed  after  the  arch  has  been  allowed  sufficient  time 
to  harden,  so  as  to  stand  without  support.  If  properly  made  and  carefully 
dried,  this  arch  will  last  two  or  three  years.  The  muffle,  shown  in  longitudinal 
and  transverse  section,  FF  (Fig.  167),  is  about  forty  inches  long,  twenty  inches 
in  height,  and  two  to  three  inches  thick.  It  is  made  of  a  mixture  of  fire- 
clay and  old  broken  muffles, 
ground  to  coarse  powder, 
moulded,  slowly  dried,  and 
while  the  furnace  is  being 
heated,  which  requires  eight 
to  ten  days,  the  set  of  muffles 
is  prepared  by  baking  in  a 
separate  furnace,  slowly  rais- 
ing them  to  a  strong  red  heat, 
and  then,  while  so  heated, 
removing  them  to  their  as- 
signed places  in  the  reducing- 
fiimace,  where  the  fire-clay 
door  is  fitted,  and  the  con- 
densing pipes,  H  H  H  and  ^'  ^^ 
G,  ftre  adjusted,  so  as  to  convey  the  metal  into  vessels  placed  to  receive  it 
at  i  i,  in  the  recesses  of  the  arch  Y  Y.  As,  nntil  the  pipes  have  attained  a 
considerable  temperature,  the  metal  is  apt  to  condense  in  the  pipe,  H,  and  so 
to  choke  it, — ^in  the  end  of  the  pipe,  H,  a  hole,  provided  with  a  clay  stopper, 
is  left,  through  which  the  metal  may  be  raked  out,  without  disturbing  the  pipe 
itself.  The  pipe  H  is  connected  with  the  receiver  I  by  the  adapter  G,  passing 
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through  the  holes  Y.  The  charge  is  introduced  through  a  hole  in  the  fire-daj 
door  below  that  provided  for  the  adjustment  of  the  pipe.  The  calamine  used  is 
calcined  in  a  reverberatory  furnace,  heated  with  a  separate  fire,  or  in  some 
instances  with  the  heat  passing  off  from  the  reducing  furnaces.  The  cluurge 
of  calcined  calamine,  roughly  powdered,  is  mixed  with  powdered  coke,  or 

with  the  cinders  from  the  coal-fire  of  the 

iumace.     A  charge  is  worked  off  eTezy 

twenty-four  hours.  The  product  obtained 

is  a  crude  metal,  which  is  remdted  in  iron 

^'  ^®'*  pots  or  pans,  well  skimmed,  and  cast  into 

ingots.     The  chambers,  Y,  are  also  proyided  with  iron  doors,  to  protect  the 

pipes  from  the  cooling  action  of  the  atmosphere. 

In  the  day  of  twenty-four  hours,  five  cwt.  of  calcined  calamine,  equnl  to 


Fig.  188. 


seven  and  a-half  cwt.  of  the  raw  ore,  are  passed 
through  the  furnace,  each  muffle  being  charged  and 
drawn  once  in  that  time.  Theproduce  of  crude  zinc 

is  2*4  cwt., 
which  by 
refining  is 
converted 
into  205 
of  com- 
mercially 

pure  dnc,  and  *85  cwt  of  skim* 
mings,  which  contain  '2  of  metal- 
lic zinc ;  thus  the  product  of  pure 
zinc  from  raw  ore  by  this  pro- 
cess amounts  to  only  27*4  per 
cent,  whilst  it  contains  as  much 
as  45  per  cent,  on  the  average. 

A  modification  of  the  Silesian 
furnace  is  sometimes  employed,  in 
which  as  many  as  twenty-four  muf- 
fles are  set,  and  the  heated  gases 
and  smoke  are  canied  off  through 
adjacent  reverberatory  furnaces* 
in  which  the  roasting  of  the  raw 
ore  is  carried  on. 

BngUsh  MethoA  of  Smelting. 

^There  are  but  few  zine^meUmg 

works  in  Great  Britain ;  many  of 

those  that  were  in  operation  have 

^*  ^^^'  been  abandoned,  on  account  of  the 

cheap  rate,  consistent  with  superior  quality,  at  which  the  metal  was  supplied 

from  the  continent,  principally  by  the  VieiUe  Montague  Company.  This  arose 

chiefly  from  the  superior  quality  of  the  ores  obtained  by  them,  and,  in  cQnse- 
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quence  of  their  great  abundance,  their  loss  cost.  Within  the  last  year  or  two, 
zinc  smelting  has  been  reviying  in  this  comitry«  and  an  increased  demand 
has  arisen  for  the  blende  ores,  which  are  more  abundant  here  than  the  cala* 
mines.  Dazing  the  year  1859,  the  total  quantity  of  calamine  reported  to 
have  been  raised,  or  rather  sold,  was  182  tons,  the  produce  of  the  Alston 
Moor  Mines ;  but  of  black-jack  or  blende,  from  various  mines,  9620  tons^ 
Although  these  quantities  are  noi  to  be  considered  as  all  the  ores  raised  in  the 
different  minetf,  yet  they  will 
show  th0  comparatLve  quanti* 
ties  of  the  ores  obtainable. 

The  black-jack  or  blende, 
and  so  also  the  calamines,  are 
roasted  in  reverberatoiy  fur- 
naces resembling  those  em- 
ployed for  the  calcination  of  tin 
or  of  copper  ores ;  but  the  black- 
jack requires  a  longer  time  and 
a  greater  heat  than  those  ores 
do.  The  reduction  furnace,  for 
the  treatment  of  the  caldned 
ores,  is  shown  in  Figs.  109, 
170,  and  171. 


Fig.  170. 

Through  a  solid  mass  of  masoniy,  H  H,  are  three  passages,  shown  fn 
both  the  plan  and  elevation.    These  are  intersected  by  another,  at  right 
angles,  through  the  middle.    The  middle  passage 
of  the  three,  G,  is  the  ash-pit  of  the  fire-place,  A. 
The  others  are  required  for  the  descending-pipes 
from  the  large  pots,  or  crucibles,  arranged  on  the 
hearth  above,  on  each  side  of  the  fire-place,  within 
a  circular  fire-brick  wall,  A  A,  suitably  braced, 
^  and  supporting  a  dome  or  arch,  of  the  same  mate- 
^^  rial,  through  which,  over  each  pot,  are  holes,  OO. 
Through  these  the  pots  are  charged,  and  the 
smoke  from  the  fire  passes  into  the  main  chimney, 
G,  which  is  like  a  glasshouse  chimney.    In  the 
large  chinmey  are  doorways,  K  K,  opposite  each 
of  the  arches  in  the  circular  wall  of  the  furnace 
A,  through  which  the  pots  are  passed  into  their 
places  on  the  hearth.     The  inner  arches  are 
built  up  with  fire-brick  after  the  pots  are  put  into 
their  places ;  but  the  outer  doorways  are  of  course 
left  open,  for  free  access  to  the  frimace  for  charging,  Ac. 

The  construction  of  the  pot  is  shown  in  Fig.  171 ;  the  pot  is  so  placed  on 
the  hearth,  that  the  hole  in  its  bottom  shall  correspond  with  the  iron  con« 
denser-pipe,  which  passes  through  the  hearth  to  the  passage  below.  A 
of  fire-clay  is  interposed  between  the  pot  and  the  condenser-pipe, 
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which  is  also  connected  with  a  larger  cylindrical  pipe  of  wrought-iron, 
sufficiently  long  to  convey  the  condensed  products  of  distillation,  into  the 
vessel  G.    The  pots  are  made  of  a  mixture  of  fire-clay  and  coarsely  powdered 
broken  pots ;  they  are  carefully  baked  in  an  ac^oining  furnace,  whence,  wlien 
they  are  required  to  supply  the  places  of  broken  pots,  they  are  conveyed  zed- 
hot  into  the  furnace  by  a  large  pair  of  tongs  on  wheels.    If  well  made,  a  pot 
will  last  about  four  months.    The  charge  of  calcined  ore  and  coal,  mixed,  is 
introduced  through  the  holes  in  the  crown  of  the  arch  into  the  eracible.  ihei 
hole  in  the  bottom  of  which  has  been  loosely  stopped  with  a  wooden  plug. 
The  cover  of  the  crucible  is  left  off  for  two  hours,  after  charging,  or  until  the 
appearance  of  a  bluish  flame  indicates  the  commencement  of  the  redacing 
operation.    By  this  time  the  wooden  plug  will  have  been  converted  into 
charcoal;  and  it  will  have  been  rendered  sufficiently  porous  to  allow  of  the 
passage  of  the  vapours  of  the  metallic  zinc  on  their  way  into  the  condenser. 
The  workman  has  only  to  maintain  the  fire,  and  occasionally  to  dear  a 
passage    in  the   condensing- pipe,  should  the  metal  have  accumulated 
sufficiently  to  endanger  its  stoppage.    This  clearance  is  effected  by  passing 
a  red-hot  bent  iron  rod  through  the  accumulated  metal.    Five  charges  of  care 
are  worked  off  in  a  fortnight,  eight  to  ten  tons  of  calcined  ore  having  been 
used,  with  a  consumption  of  twenty-five  to  thirty  tons  of  coal,  the  production 
of  metal  amounting  to  about  thirty-five  per  cent    The  crude  metal  obtained 
in  drops  and  powder,  with  a  little  oxide  of  zinc,  in  the  dishes  placed  on 
the  lower  hearth,  are  purified  in  the  same  manner  as  the  products  of  the 
Silesian  process.    Before  a  new  charge  is  put  into  the  pot,  the  residuary 
matters  are  raked  out  through  the  bottom,  the  sheetiron  pipe  having  been 
temporarily  removed,  and  the  charcoal  plug  withdrawn. 

Many  patents  have  been  taken  out  during  the  last  twenty  years  for 
improvements  in  zinc  smelting;  but  not  one  of  tliem  seems  to  have  been  of 
sufficient  practical  importance  to  have  been  the  means  of  superseding  the 
old  processes. 

The  consumption  of  zinc  has  been  rapidly  increasing  since  the  disooveiy 
of  the  means  of  laminating  it  with  fiunlity.  It  is  used  in  the  form  of  sheets 
for  covering  ships*  bottoms  rostead  of  copper :  the  sheets  are  nailed  on  with 
zinc  nails.  The  sheets  are  also  used  plain  or  corrugated  for  building  houses, 
boats,  ships ;  lor  constructing  roofis ;  for  making  baths,  rain-gauge  shutee,  and 
spouts ;  perforated  in  a  great  variety  of  ornamental  forms  for  blinds,  screens, 
light  fences,  sieves;  also  for  water-tanks,  water-proof  boxes,  ornamental 
vases,  &c.  * 

As  zinc  becomes  veiy  fluid  at  a  low  temperature,  it  has  been  found  to  be 
exceedingly  well  adapted  for  making  casts  of  statues  and  of  statuettes,  as  it 
takes  a  sharp  impression,  from  the  filling  up  of  eveiy  outline,  therefore 
leaving  but  little  labour  for  the  chaser.  In  Franee,  the  production  of 
statuettes  in  zinc  has  become  an  important  business ;  and  beautiful  works 
of  art  of  fair  execution  are  now  becoming  attainable,  through  this  branch  of 
industry,  by  individuals  whose  disposition  to  cultivate  a  taste  for  the  Fine 
Arts  has  hitherto  been  curtailed  by  the  limited  means  at  their  disposal.  The 
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use  of  the  metal  in  the  preparation  of  various  alloys,  has  already  been 
noticed.  It  has  also  been  employed,  like  tin,  for  the  coating  of  iron,  pro- 
ducing what  is  known  as  galvanized  iron.  Utensils  and  portions  of  ma- 
chinery, both  of  wrought  and  of  cast  iron,  are  galvanized,  by  first  pickling 
them  with  dilute  sulphuric  acid,  then  dipping  them  into  a  solution  of  chloride 
of  zinc,  diying  them,  and  finally  placing  them  in  a  bath  of  zinc,  melted, 
covered  with  fused  chloride  of  zinc.  By  leaving  them  imtil  of  the  same 
temperature  as  the  bath  of  metal  was  before  the  article  was  immersed,  it 
becomes  perfectly  coated  with  zinc,  which  remains  adhering  to  the  iron  with 
a  perfectly  smooth  surface.  The  article  should  be  subsequently  well  washed 
in  water  and  a  solution  of  soda,  otherwise  a  great  tendency  to  oxidation  will 
be  produced  by  adhering  traces  of  the  chloride  of  zinc. 

The  chloride  of  zinc  in  concentrated  solution  is  largely  employed  as  a 
disinfectant ;  it  is  known  as  Sir  WUUam  BumeU*s  disinfectant  liquor.  The 
sulphate  will  serve  very  nearly,  if  not  quite  as  well,  for  the  same  purpose; 
as  indeed  will  many  other  metallic  and  earthy  salts. 

The  oxide  of  zinc  is  much  used  as  a  white  paint.  Ground  with  oil,  it 
does  not  cover  so  well  as  the  white- lead  paint ;  but  it  is  free  from  the  objec- 
tion to  the  use  of  white-lead,  as  it  is  not  liable  to  tarnish  or  blacken  when 
exposed  to  the  action  of  sulphuretted  hydrogen. 

The  use  of  white-lead  paint  is  injurious  to  the  health  of  the  painter,  and 
of  persons  exposed  to  the  smeU  of  freshly-painted  rooms,  where  it  has  been 
used ;  but  zinc  oxide  is  also  free  from  this  objection« 
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Spumgmeit  Antimony  (Begnlns  of  Antimony) ;  Antimoinft,  JV.; 
glanz,  Spie8Sgla8,Spies8gflaiizkonig,^0r.;  Antunon,  Antimoninm;  Stibhim, 
Sb. — This  metal  was  not  known  until  the  fifteenth  centoiy;  it  was  first  ; 
described  by  Basil  Valentine.  Some  of  its  componnds  were  known  to  the  i 
ancients :  it  is  spoken  of  by  Fliny  as  Stibinm.  The  black  solphnret  was 
used  by  the  Egyptian  and  Boman  ladies  as  a  cosmetic  for  marking  the  eyes  i 
and  eyebrows*  It  is  said  that  Basil  Valentine,  a  monk  of  Etfurth,  while  en-  ! 
gaged  in  his  alchemical  labours,  threw  some  of  the  preparations  of  antimony  j 
where  pigs  had  access  to  the  mixture  with  their  food;  and  having  observed  i 
that  after  becoming  sick  they  rapidly  &ttened,  he  thought  that  his  friends 
might  profit  by  the  same  treatment— and  so  he  fed  them  in  like  manner  wilh 
the  swine ;  but,  to  his  disappointment,  found  that  what  was  good  for  the  pigs 
was  bad  for  the  monks,  for  they  died :  and  so  the  metal  obtained  the  name  of 
antimoine,  anti-monk,  antimony. 

From  the  earliest  times  the  sulphuret  of  antimony  was  known  as  aUxfaX — 
an  Arabic  term  for  an  impalpable  powder,  the  condition  in  which  it  was  used 
as  a  cosmetic.  Hence  the  terms  of  the  alchemists,  aleophal  and  alco9ol,  and 
the  alquifour  of  the  potters,  applied  to  the  fine  powder  of  the  sulphur  of  lead. 
AlcoJiol,  now  of  very  different  application,  was  derived  from  the  same  source. 

Antimony,  in  many  respects,  resembles  arsenic  in  its  properties;  but  its 
oxides,  unlike  those  of  arsenic,  are  insoluble  in  water.  It  is  of  a  grayish- 
white  colour,  highly  crystalline,  and  brilliant  in  its  fracture ;  not  very  hard, 
but  brittle,  and  easily  reduced  to  powder.  It  has  a  peculiar  taste  and  odour. 
Its  tenacity  is  very  feeble ;  it  melts  at  a  red  heat.  Out  of  contact  with  air, 
it  volatilizes  very  slowly  at  a  white  heat,  more  rapidly  in  the  open  air. 
Covered  with  a  flux  in  the  strongest  white  heat,  it  loses  only  one  one- 
thousandth  of  its  weight ;  but  it  may  be  distilled  at  the  same  temperature  in 
a  current  of  hydrogen  gas.  Its  specific  gravity  is  6*715.  In  dry  air  it  con- 
tinues unchanged,  but  in  a  moist  atmosphere  it  becomes  coated  with  a  thin 
covering  of  oxide.  It  does  not  decompose  water,  either  at  ordinary  tempera- 
tures, or  at  that  of  boiling  water ;  but  at  a  red  heat  it  does  so  rapidly,  some- 
times with  explosion.  At  a  red  heat,  exposed  to  the  air,  it  bums  with  a  white 
flame,  producing  a  crystalline  oxide.  Nitric  acid  acts  energetically  on  it, 
converting  it  into  antimonious  acid,  which  is  insoluble  in  water.  Dilate 
sulphuric  acid  has  no  action  on  it.  By  boiling  in  concentrated  sulphuric 
acid,  a  sulphate  of  the  protoxide  is  produced,  with  evolution  of  sulphurous 
acid.  It  is  not  soluble  in  hydrochloric  acid,  nor  is  it  so  even  in  hot  add,  if 
pure ;  but  if  associated  with  iron  it  is  very  slightly  soluble.  It  dissolves  very 
readily  in  nitro-muriatic  add,  and  sulphurous  acid  has  a  slight  action  on  it 
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The  nitrate,  chlorate,  and  sulphate  of  the  alkalies,  at  a  red  heat,  oxidize  it 
very  readily.  It  is  insoluble  in  organic  acids.  In  the  form  of  powder, 
dropped  into  chlorine,  it  takes  fire,  producing  protochloride  and  perchloride  of 
antimony.  An  alloy  of  antimony  and  zinc,  by  digestion  in  dilute  sulphuric 
acid,  evolyes  hydrogen  gas,  holding  antimony  in  solution,  the  product  being 
hydrogen  and  antimoniuretted  hydrogen. 

Native  metallic  antimony  is  very  rare ;  but  it  is  found  at  Dauphin6  in 
France,  Andreasberg  in  the  Hartz,  Sweden,  Meissen,  and  Connecticut,  U.  S. 
It  is  sometimes  alloyed  with  arsenic,  but  is  most  commonly  mineralized  with 
sulphur,  more  rarely  oxidized,  as  an  antimoniate  of  lime,  or  in  combination 
with  other  metalHc  sulphides,  such  as  jamesonite,  boumonite,  feather  ore, 
antimomal  copper  glance,  fahlerz,  gray  copper,  ruby  silver,  polybasite,  &c. ; 
but  the  only  ore  used  as  a  source  of  this  metal  is  the  sulphuret  of  antimony, 
obtained  principally  from  Borneo  and  the  East  Indies ;  it  occurs  also  in 
Cornwall,  in  several  mines  in  Devonshire,  Scotland,  and  the  same  localities 
in  which  the  metal  is  found. 
It  is  known  also  as  gray 
antimony,  stibine,  and  pris* 
matoidal  antimony  glance. 
It  is  a  bluish-gray  mineral ; 
fibrous,  radiated  and  granu- 
lar structure  ;  metallic  lustre, 
occurring  in  masses  with 
quartz,  sulphate  of  barytes, 
carbonate  of  iron,  and  car- 
bonate of  lime.  It  not  un- 
frequentiy  contains  traces  of 
gold,  and  sometimes  of  silver ; 
it  is  britUe,  and  easily  re- 
duced to  a  black  powder.  It 
is  fusible  at  a  very  low  tem- 
perature ;  its  compositionis — 

Sulphur     •    •    .    26 
Antimooy      •    •    74 

100 

From  its  easy  fusibility, 
instead  of  being  dressed  with 
water,  as  is  usual  with  other 
metals,  it  is  melted  out  from 
its  gangue  by  fire.  The 
furnace  shown  in  Fig.  172 
is  one  of  the  best  employed  ^'  ^'^ 

for  this  purpose.  Between  the  three  fire-places  A  B  C,  are  two  chambers  F, 
covered  with  cast-iron  plates,  having  holes  corresponding  to  the  centres  of 
the  two  fireclay  cylinders  £,  which  are  fitted  on  them  within  the  arch, 


Digitized  by  VjOOQ IC 


630  FUSION  or  the  orudb  sulphuret. 

tlurough  which  the  fires  play  aroand  them,  the  smoke  passing  off  by  flues  at 
the  back  into  the  ohimney  above  the  platfonn.    The  cylinders  have  holes  in 
the  bottom  at  the  sides,  corresponding  with  the  openings  into  the  ardi : 
these  holes  are  closed  with  fire-clay  stoppers,  Inted  with  fire-clay.    Within 
the  chambers  F,  on  low  carriages,  are  placed  the  cnicibles  D  D,  as  reoeivera 
of  the  fused  ore  which  flows  down  from  the  cylinder  above.    The  lomaoe 
having  been  heated  to  a  bright  redness,  the  charge,  of  foor  hnndredwei^ta  of 
crade  sulphoret  in  small  lumps,  is  put  into  the  cylinder  £,  and  the  cover  G 
is  put  on ;  the  ore  soon  fuses  and  flows  down  into  the  crucible  below,  leaving 
the  stony  gangue  in  the  cylinder,  which  is  recharged  every  three  hours.    The 
residuary  matters  are  drawn  out  through  the  holes  in  the  side  of  the  cylinder. 
About  90  lbs.  of  the  pure  sulphuret  are  obtained  per  hour.     A  small  re- 
verberatory  furnace,  like  a  tin  reducing  furnace,  carefully  managed  by  the 
workman,  will  produce  equally  good  results  at  less  cost  of  fhel  and  of  plant. 
Much  of  the  refined  sulphuret  thus  obtained  is  used  as  it  is,  for  the  ntann&o- 
ture  of  various  medicinal  preparations ;  and  it  is  extensively  emj^oyed  in  the 
manufiftcture  of  fireworks,  especially  for  the  production  of  white  signal  lights. 
When  intended  to  be  used  for  the  smelting  of  the  metal,  it  is  first  roasted  at 
a  very  moderate  heat  in  an  ordinary  calcining  reverberatory  furnace.    It  is 
put  into  the  furnace  in  the  form  of  a  coarse  powder.    It  requires  carefEd 
management  to  maintain  the  heat  sufficiently  high  to  cause  the  oxidation  of 
the  metal,  and  the  evolution  of  the  sulphur  to  go  on  without  interruption, 
but  not  so  high  as  to  cause  the  fusion  of  the  sulphiftet.    At  the  end  of  twelve 
to  fifteen  hours,  the  calcination  wUl  be  complete,  the  charge  having  lost  its 
gray  metallic  lustre,  and  become  of  a  cindry-gray  colour,  at  the  same  time 
that  the  evolution  of  the  white  fumes  will  have  ceased.    By  this  process, 
from  100  parts  of  the  sulphuret,  86  parts  of  oxide  of  antimony  ought  to 
be  obtained;  but  in  practice  the  product  does  not  amount  to  more  than  60 
to  65  parts. 

The  oxide  is  mixed  with  charcoal  powder,  moistened  with  a  solution  of 
soda  ash ;  the  mixture  is  put  into  crucibles,  a  number  of  which  are  placed 
together  in  the  same  furnace.  A  bright  red  heat  is  maintained  until  the 
fusion  is  complete.  The  product  is  a  crude  metal  and  a  scoria,  which  con- 
sists of  the  sulphurets  of  antimony  and  sodium  in  combination.  The  former 
is  melted  over  again  with  some  of  the  scoria,  by  which  it  is  still  further 
purified.  The  crude  metal  cast  into  ingots,  when  broken,  presents  a 
bright  crystalline  appearance ;  but  the  crystals  are  small,  and  not  as  bright 
as  they  are  required  to  be,  to  meet  the  requirements  of  ordinaiy  commercial 
demands.  By  remeltiog  in  large  quantities,  skimming  carefully,  and  slowly 
cooling,  the  desired  appearance  may  be  obtained.  The  scoria,  ground  to 
powder,  is  known  as  erooiu  or  karmes.  Antimony  is  also  obtained  indirectly 
in  some  of  the  processes  for  refining  lead. 

Metallic  antimony  is  but  little  used  alone ;  it  is  principally  employed  for 
the  production  of  alloys,  in  which  it  serves  the  purpose  of  hardening.  Its 
action  on  gold  is  very  remarkable.  One  part  of  antimony,  with  one  thousand 
parts  of  gold,  is  sufficient  to  destroy  the  working  properties  of  it.    From  this 
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peculiar  action,  the  ancients  gave  it  the  name  of  regultu,  or  little  king.  The 
alloy  of  antimony  and  iron,  in  the  proportions  of  3  iron  and  7  antimony,  is 
wliite,  very  hard,  and  brittle,  slightly  magnetic,  and  fasible.  The  principal 
alloy  in  nse  is  that  of  antimony  and  lead,  in  the  proportions  of  4  lead  and 
1  antimony  for  type  metal,  6  lead  and  1  antimony  for  stereotype  metal. 
Britannia  metal  consists  of  100  tin,  8  antimony,  2  bismuth,  2  copper. 
Pewter  is  sometimes  made  of  12  tin  and  1  antimony. 

The  oxide  of  antimony,  or  antimony  glass,  is  used  in  the  manofactore  of 
enamels,  and  of  coloured  pastes  for  imitation  gems. 


, — ^This  is  a  rare  metal,  but  its  distinguished  qualities  are  that 
it  is  yeiy  fusible,  and  causes  other  metals  to  become  so.  It  melts  when  pure, 
at  iSO"* ;  it  may  be  distilled  in  a  close  vessel,  and  then  ctystalizes  in  lamioa. 
It  is  very  brittle,  like  antimony,  and  of  a  brilliant  lustre ;  its  colour  is  white, 
tending  to  flesh-colour.  Its  specific  gravity  is  0*83,  which  may  be  increased 
to  9*88  by  hammering.  It  expands  in  the  act  of  cooling,  which  renders  it 
peculiarly  suitable  for  castings. 

There  are  many  minerals  which  contain  bismuth,  but  they  do  not  often 
occur  in  such  quantities  as  to  make  the  extraction  of  the  metal  profitable. 
The  metal  is  not  very  valuable,  and  notwithstanding  its  scarcity,  it  is  sold  at 
a  low  price.  It  occurs  native,  and  is  then  easily  obtained.  Native  bismuth 
is  found  in  America,  where  it  is  associated  with  wolfinm,  galena,  blende, 
and  quartz;  both  in  Monroe  county  and  South  Carolina;  and,  of  course,  in 
many  other  parts  of  the  world.  Sulphuret  of  bismuth  occurs  at  Haddam, 
Connecticut.  The  carbon  is  found  in  the  gold  district  of  Chesterfield,  and 
South  Carolina ;  and  the  sulphuret,  and  lead,  and  copper,  at  Lubec  lead 
mines,  in  Maine.  Telluric  bismuth  exists  in  the  gold  regions  of  Virginia, 
and  North  Carolina.  All  the  metal  in  market  is  obtained  almost  exclusively 
from  cobalt-speiss,  at  the  smalt  works  of  Germany.  The  residuum,  from 
which  also  nickel  is  extracted,  contains  on  the  average,  seven  per  cent,  of 
bismuth. 

The  compounds  of  bismuth  are  distinguished  by  fusibility,  at  a  lower 
degree  of  heat  than  most  metals.  Eight  parts  of  bismuth,  5  lead,  and  8  tin, 
melts  at  202".  Two  bismuth,  1  lead,  and  1  tin,  melts  at  a  littie  lower  heat 
The  addition  of  mercury  increases  the  fusibility  of  these  alloys.  One  bismuth, 
2  tin,  and  1  lead,  is  soft  solder  for  pewter.  Cliches  and  stereotype  metal  may 
be  composed  of  8  lead,  2  tin,  and  5  bismuth ;  this  alloy  melts  at  199°;  45*5 
bismuth,  28*5  lead,  17  tin,  and  9  mercury,  is  an  alloy  for  plugging  teeth ;  it 
fuses  at  149''.  An  amalgam  of  20  bismuth,  and  80  mercury,  is  used  for 
silvering  the  interior  of  glass  globes.  Like  antimony,  bismuth  readily  forms 
an  alloy  with  the  alkaline  metals.  Its  affinity  for  arsenic  is  very  weak, 
like  that  of  phosphorus ;  both  of  these  substances  may  be  evaporated  from 
the  hot  metal  almost  entirely.  All  its  compounds  with  precious  metals  are 
very  brittie.  Bismuth  has  been  proposed  instead  of  lead  for  refining  silver ; 
but  the  experiments  performed  with  it  were  not  satisfactory.  A  compound 
of  tin  and  bismuth  is  stronger,  harder,  and  more  sonorous  than  pure  tin ;  and 
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for  theae  reasons  it  is  added  to  pewter.  An  alloy  of  eqoal  parts  of  lead 
and  bismuth  is  heavier  than  the  mean  density  of  the  two  metals,  it 
being  10*709. 

Bismuth  is  scarcely  ever  used  alone ;  it  is  chiefly  employed  for  impartiDg 
fusibility  to  alloys.  Besides  the  above-mentioned  applications,  it  is  used  in 
the  alloys  of  which  safety-plates  and  plugs  in  8team4xuler8  aie  made.  Its 
oxides  are  used  as  cosmetics ;  also  as  paints  and  pzinting  colours. 

The  operation  of  smelting  bismuth  is  extremely  simple;  the  metal  haTing 
but  a  weak  affinity  for  other  substances,  is  obtained  by  simply  heatii^  ita 
ore,  in  a  liquation  furnace  in  a  cast-iron  retort,  set  at  an  angle,  at  the 
highest  part  of  which  the  crude  ore  is  charged ;  at  the  lowest  an^  ia  placed 
a  cast-iron  bowl,  into  which  the  metal  flows.  About  half  a  hundredweight 
of  broken  ore  is  charged  in  each  retort,  of  which  there  are  usually  four  in  a 
furnace  side  by  side.  This  quantity  nearly  half  fills  a  retort,  so  that  the  upper 
part  of  it  is  empty.  The  lower  end  is  closed  with  a  day  plate,  or  slab,  pro- 
vided with  an  aperture  for  the  discharge  of  the  melted  metaL  The  pipes, 
when  properly  ignited,  soon  cause  the  metal  to  flow  into  the  dish,  which 
contains  some  charcoal-dust.  By  applj^ing  a  brisk  fire,  and  stirring  the 
ore,  all  the  metal  contained  in  it  is  obtained  within  half  an  hour,  the 
residuum  is  scraped  out  of  the  retort  into  a  trough  with  water,  and  the 
pipes  filled  afresh.  About  a  ton  of  ore  is  smelted  in  a  day  of  ei^t  hours. 
The  metal,  is  remelted,  cast  into  iron  moulds  in  the  fonnof  ingots,  and  ia 
now  ready  for  tlie  market 

The  metal  thus  obtained  is  not  pure ;  but  it  may  be  purified  by  remelting 
in  a  flat  earthen,  or  rather  a  bone  ash-dish,  at  a  low  heat,  removing  the  dross 
as  it  appears  on  the  surface  of  the  metaL  It  is  advisable  to  melt  the  metal 
thus  obtained  in  a  purer  form,  in  a  black-lead  pot,  and  then  cast  it  into  the 
mould  for  ingots.  Bismuth  cannot  be  freed  from  silver  by  these  means,  in 
consequence  of  which  the  article  of  commerce  always  contains  some  of  that 
metal. 

lead. — This  is  a  metal  generally  known.  "When  pure,  it  is  blue- white, 
of  high  lustre,  and  extremely  soft.  It  is  almost  inelastic,  and  may  be  bent, 
when  in  sheets,  like  leather.  Tliis  softness  admite  of  its  being  used,  like 
graphite  pencils,  for  writing  on  paper.  Ite  specifio  gravity  is  11*44;  or, 
when  pure,  only  11*35.  Lead  admite  of  being  rolled  into  thin  sheete,  and 
is  easily  drawn  into  pipes ;  it  has  little  adhesive  strength.  It  melte  or 
crystallizes  at  600*" ;  some  assert  that  it  does  not  melt  at  that  degree  of  heat, 
hut  at  20''  higher.  A  variation  in  the  melting  heat  may  be  obsenred  with 
most  other  metels :  impure  being  always  more  fusible  than  pure  metal.  'When 
common  lead  is  exposed  to  a  melting  heat,  ite  point  of  ftudon  rises  with  the 
time  it  is  exposed  to  that  heat.  At  a  white  heat  lead  evaporates,  and  it  may 
be  obtained  crystallized  when  the  heat  is  gradually  diminished ;  sudden 
cooling  prevente  the  fonnation  of  large  crystals.  All  the  lead  of  commerce 
contains  iron,  copper,  and  until  Mr.  Patinson's  discovery,  more  or  less  silver. 

A  large  number  of  minerals  contain  lead ;  but  the  chief  source  of  this 
metal  is    galena,  from  which  ore  lead  is  chiefly  obtained.     Lead  occurs 
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native,  bat  it  is  of  little  practical  use.  It  occurs  in  combination  with 
sulphur,  selenium,  tellnrinm,  antimony,  oxygen,  and  other  substances. 
Most  of  the  varieties  of  lead  ore  enumerated  in  nuneralogical  works,  occur 
in  combination  with  the  above ;  few  of  them,  however,  are  used  for  the 
mannfacture  of  the  metal;  these  ores  form  mere  cabinet  specimens. 

The  principal  lead  mines  in  Great  Britain,  are  in  Cornwall,  Devonshire, 
Somerset,  Derbyshire,  Cumberland,  Westmorland,  Denbighshire,  Monmouth- 
shire ;  in  Scotland,  on  the  borders  of  DumMesshire,  and  Lanarkshire ;  in 
Ireland,  Wicklow,  Wexford,  Clare,  and  county  Down.  Phosphate  of  lead 
occurs  at  almost  every  lead  mine,  as  a  faint  green  or  gray  substance,  either 
crystallized  or  without  definite  form ;  chlorides,  sulphates,  and  other  salts 
of  lead  are  also  found ;  but  they  are  of  little  interest  to  the  metallurgist. 

Sulphuret  of  lead  may  be  considered  the  matrix  of  all  other  lead  ores; 
where  they  exist,  we  are  sure  to  find  galena.    It  is  always  crystallized,  how- 
ever minute  the  cr3rstals  may  be.    The  form  of  the  crystal  la  a  cube,  com- 
posed of  rectangular  plates.    The  colour  of  the  ore  is  gray,  similar  to  that  of 
the  polished  metal,  which  it  also  resembles  in  lustre.    It  forms  a  gray 
metallic  powder,  when  rubbed.    Its  specific  gravity  is  7*8  to  77.    Galena 
consists  of  86*66  lead,  and  18-34  sulphur.    The  ore  contains  also,  at  times, 
selenium,  zinc,  silver,  copper,  antimony,  and  other  metals.    Silver  is  the 
most  valuable  of  these  admixtures,  and  is  now  extracted  from  the  metal 
by  a  process  first  invented  and  patented  by  Mr.  Fattinson,  Newcastle-on-Tyne. 
'ihiB  operation  is  as  follows : — a  series  of  hemispherical  iron  plates  are  ranged 
side  by  side,  each  having  a  separate  fire-place.    One  of  the  pots  is  charged 
with  about  five  tons  of  lead ;  when  melted,  the  surface  is  skimmed  in  order 
to  remove  the  impurities  thrown  up.    The  fire  is  then  withdrawn,  and  the 
lead  gntdually  cooled.     When  the  process  of  crystallization  begins,  the 
crystals  are  withdrawn  by  means  of  ladles,  perforated  so  as  to  allow  the  un- 
crystallized  portion  to  run  through ;  the  crystals  retained  in  the  ladle  are 
transfezred  to  the  second  pot,  where  they  are  again  melted,  and  again 
czystallization  takes  place.    This  process  is  continued  until  the  remaining 
portion  of  the  lead  is  so  rich  in  silver  as  to  contain  from  €Wo  to  three 
hundred  ounces  per  ton,  which  is  extracted  by  the  process  of  cupellation. 

German  galena  contains  from  '08  to  *05  per  cent,  of  silver ;  the  English, 
*02  to  08 ;  the  ore  at  Monroe  county,  8  per  cent. ;  Eaton,  North  Havanna, 
'1  per  cent.;  and  that  from  the  State  of  Arkansas  may  contain  from 
'003  to  '05  per  cent.  Galena  occurs  in  beds  and  veins,  boUi  in  crystalline 
and  stratified  rock.  It  is  often  associated  with  blende,  iron  ore,  copper 
pyrites,  and  a  variety  of  other  lead  ores.  It  occurs  in  gangue  of  heavy  spar, 
calc  spar,  quartz,  and  other  substances.  The  most  extensive  deposits  of  it 
in  the  United  States,  are  in  Missouri,  Ulinios,  Iowa,  Wisconsin,  Arkansas, 
Viiginia,  North  Carolina,  and  California.  The  lead  ores  of  Missouri  extend 
over  3,000  square  miles.  From  the  Mississippi  river,  about  sixty  miles 
above  St.  Louis,  they  extend  seventy  miles  in  length,  and  forty-five  miles  in 
mdth,  over  a  sterile  rolling  country,  a  highland  prairie.  The  soil  is  reddish, 
coloured  by  iron,  with  day,  full  of  flint  and  quartz  pebbles,  to  the  depth  of  ; 
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ten  or  twenty  feet.  The  lead  xegion  of  Wiflconfdn  is  equally  extenslTe  as 
that  of  Miflsoaxi,  if  not  more  so ;  it  comprises  about  5,000  8q[uaje  miles, 
extending  into  Iowa  and  Illinois.  The  diggings,  or  mines,  in  these  regions, 
do  not  often  exceed  a  depth  of  twenty-five  or  thirty  feet  Immense  moiiDim  of 
ore  have  been  extracted  from  these  ditches.  Galena  is  not  free  item,  foreign 
metals,  of  which  silver  is  always  present  This  ore  is,  therefore,  not  only  an 
accidental  silver  ore;  but  it  may  be  considered  argentiferous  in  aU  its 
varieties.  The  amount  of  silver  in  lead  ore,  is  easily  ascertained  by  an 
assay,  and  ought  to  be  thus  determined  when  it  is  doubtfoL  As  a  general 
rule,  we  may  state,  that  the  purest  kinds  of  galena  contain  the  least  silver. 
The  ores  of  the  secondary  and  younger  formation,  particularly  the  ore  of  the 
limestone  of  that  period,  is  always  poor  in  silver.  All  deposits  of  galena 
which  occur  in  heavy  masses,  are  also  poor  in  silver.  Galena  which  in  small 
veins  ramifies  a  stratified  rock,  is  generally  rich  in  silver,  and  the  Rmallest 
branches  and  forks  are  richest  The  heaviest  deposits  of  galena  occur  in 
limestone  rock.  The  dimensions  of  a  vein  diminish  as  it  penetrates  sand- 
stone strata,  and  grow  still  smaller  in  traversing  shale  or  shite.  In  these 
rocks  the  metal  is  frequenUy  replaced  by  clay  or  fragments  of  rock,  and  the 
vein  does  not  show  any  ore. 

A  very  extensive  use  of  the  alloys  of  lead  is  made  in  type  metaL  Nine 
lead,  and  1  antimony  forms  common  type  metal;  7  lead,  and  1  antimony  is 
used  for  large  and  soft  type ;  6  lead,  and  1  antimony  for  large  type ;  5  lead, 
and  1  antimony  for  middle  type ;  4  lead,  and  1  antimony  for  small  type ;  and 
8  lead,  and  1  antimony  for  the  smallest  kinds  of  type.  Type  metal  frequently 
contains  tin,  copper,  bismuth,  and  other  metals.  Stereotype  metal  is  gener- 
ally lead  alloyed  with  antimony,  in  the  rates  of  four  to  eight  of  the  fonner, 
to  one  of  the  latter;  to  this  is  always  added  some  bismuth,  tin,* and  fte- 
quentiy  a  little  copper.  Soft  solder  varies  from  66  lead,  to  33  lead  in  100 
parts,  the  rest  is  tin.  A  small  amount  of  bismuth  renders  lead  tougher ; 
equal  parts  of  each  and  bismuth,  form  a  brittie  alloy.  Lead  and  tin  melt 
together  in  all  proportions,  forming  a  harder  and  tougher  metal  than  either 
alone.  A  small  addition  of  lead  to  brass  causes  the  latter  to  be  tougher  and 
more  suitable  for  use  in  the  machine  shop.  Lead  has  a  strong  affinity  for 
carbon ;  oxide  of  lead  mixed  with  fine  carbon,  and  heated  in  a  covered 
crucible,  forms  a  black  carburet  of  lead.  Lead  unites  with  potassium  or 
sodium  like  antimony,  but  does  not  absorb  so  large  quantities  of  the  alkaline 
metals  as  the  latter.  Arsenic  has  a  strong  affinity  for  lead,  and  combines 
with  it  on  covering  melted  lead  ^ith  arsenious  acid ;  arsenic-lead  and  oxide 
of  lead  is  thus  formed.  This  alloy,  98  lead,  and  2  arsenic,  is  used  for  making 
shot,  by  dropping  the  fused  metal  from  a  high  elevation  in  a  shot-tower,  into 
a  basin  of  water ;  or  throwing  the  fluid  metal  down  a  stack  of  limited  height, 
in  which  a  strong  draught  of  air  is  produced  by  a  blast-machine.  Mercury 
amalgamates  very  readily  ydih.  lead.  A  rod  of  lead,  bent  in  the  form  of  a 
syphon,  will  transfer  mercury  from  one  vessel  to  another  in  the  same  manner 
as  lamp-wick  conducts  oil.  An  amalgam  of  lead  crystallizes  similar  to  that 
of  gold,  from  which  the  superfluous  mercury  may  be  separated,  by  pressing 
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it  through  buckskin.  Copper  and  lead  do  not  combine  very  readily,  they 
require  a  white  heat  for  union.  The  alloy  thus  formed  under  the  influence 
of  a  high  heat/must  be  suddenly  cooled,  or  both  metals  will  separate  in 
cooling.  Ldad  may  be  separated  from  copper  by  liquation,  as  practised  in 
refining  tin ;  but  a^  the  lead  cannot  be  removed  by  these  means ;  a  small 
quantity  always  adheres  tenaciously  to  copper.  This  alloy  is  brittle;  a  little 
lead  is  injurious  to  copper.  Organ  pipes  consist  of  lead  alloyed  with  tin, 
about  half  and  half.  This  alldy  is  oast,  instead  of  rolled,  in  the  desired 
form  of  sheets,  in  order  to  obtain  a  crystallized  metal,  which  produces  a  finer 
tone.  The  sheets  are  fbrmed  in  casting  the  metal  on  a  horizontal  table,  the 
thickness  is  regulated  by  the  height  of  a  rib,  or  bridge,  at  one  end,  over 
which  the  superfluous  metal  flows  off.  The  rough  sheets  thus  obtained  are 
planed  by  means  of  a  carpenter's  plane,  bent  up,  and  soldered.  An  alloy  of 
19  lead,  and  29  tiu,  forms  a  metal  of  high  lustre,  which,  when  cast  over  a 
polished  glass  or  metal  plate,  shows  a  most  brilliant  polish.  When  ends  of 
glass  rods,  previously  ground  to  the  forms  of  cut  precious  stones,  are  dipped 
into  this  melted  alloy,  convex  metal  cups  are  formed,  which  resemble  the 
sparkling  of  diamonds.  This  aUoy  is  soft  and  cannot  bear  wiping  with  a 
doth. 

The  application  of  lead  for  pipes,  cistems,  and  domestic  utensils  is 
generally  known.  It  is  extensively  used  in  manufacturing  white  paint, 
whitelead,  and  carbonate  of  lead,  The  rich  colours  of  -chronium  are  chiefly 
lead  and  that  metal.  The  salts  of  lead  are  poisonous ;  and  those  who  make 
use  of  this  metal  for  conducting  water,  or  forming  cooking  utensils,  ought  to 
reflect  before  adopting  it,  inasmuch  as  the  softer  and  purer  the  water,  the 
greater  danger  is  to  be  apprehended  from  this  pernicious  deposit.  Lead  in 
sheets  is  sometimes  inserted  in  foundation  walls,  for  preventing  dampness 
in  dwellings.  It  is  worthy  of  attention,  that  iron  bars,  fastened  by  means  of 
lead  into  stones,  have  been  protected  against  corrosion  by  this  metal ;  we 
find  iron  rods  in  old  buildings,  which  have  been  preserved  for  centuries  in 
this  manner. 

The  total  annual  production  of  lead  may  be  estimated  at  about  120,000 
tons ;  of  which  the  United  States  famish  about  20,000  tons ;  Spain  30,000 
tons ;  and  England  40,000 ;  the  remainder  is  manufactured  in  other  parts  of 
the  world. 

Although  lead  may  readily  be  revived  from  its  ores,  by  applying  a 
moderate  heat  and  by  simple  means,  yet  to  obtain  as  much  metal  as  possible 
at  the  least  cost,  has  given  rise  to  a  variety  of  forms  in  furnaces,  and  methods 
in  the  treatment  of  ores.  Galena  is  reduced  simply  by  melting  it  in  a  black 
pot.  If  a  western  backwoodsman  wante  shot  or  bullete,  he  will  kindle  a  fire 
in  a  hollow  tree  or  an  old  stump  of  a  tree,  place  some  galena  on  the  charred 
wood  and  melt  it  down.  After  cooling,  he  finds  the  metal  at  the  bottom  of  the 
hollow.  Formerly  lead  was  smelted  in  log-famaces,  in  Missouri — a  rude 
kind  of  square  furnace,  constructed  of  logs  or  stones.  The  front  wall  of  such 
a  furnace  is  about  eight  feet  wide,  and  seven  feet  high.  The  hearth  in  the 
bottom  of  tlie  interior  is  about  two  feet  wide,  eight  feet  long,  and  ten  or 
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twelve  inches  high,  forming  ledges  or  hashes  with  the  side-walla  one  foot  in 
width.  The  arch  in  front,  which  admits  air  into  the  iiimace,  is-about  two 
feet  high  and  wide,  and  is  temporarily  shut  hy  stones,  day,  or  brick.  A 
hasin  in  front  of  the  fnmaoe  receives  the  fused  metal,  fr^m  which  it  is  ladled 
into  the  pig-monlds.  The  operation  in  this  fmnace  was  simple ;  a  layer  of 
heavy  logs  was  placed  horizontally  in  the  bottom :  then  hUlets  of  split  wood 
were  set  npright,  and  these  covered  with  galena ;  the  top  of  the  ore  was  corered 
by  small  wood.  A  fire  kindled  in  the  front  arch  will  char  the  lower  parts 
of  the  wood  first ;  and  by  the  time  the  heat  is  conveyed  to  the  ore  sufficient 
for  melting,  the  hot  charcoal  below  will  expel  solphnr  and  precipitate  the 
metal,  which  flows  out  as  it  is  formed.  One  heat  requires  twenty-four  honrs, 
after  which  the  fdmace  is  cooled  and  the  ashes  removed ;  then  it  is  charged 
anew.  About  50  per  cent,  of  metal  is  thus  obtained  from  the  ore.  Tlie 
ashes  which  remain  contain  much  metal,  and  are  subjected  to  a  second 
smelting  in  the  ash-fdmace.  Both  these  Idnds  of  fdinaces  are  now  obsolete ; 
they  are  replaced  by  more  perfect  ones. 

In  the  system  of  smelting  lead  ores  there  is  more  variety  tban  in  any 
other  class  of  smelting  operations.  We  shall  describe  these  methods,  and 
allude  to  such  apparatus  and  operations  only,  as  are  approved  of  at  the 
present  time. 

The  method  of  smelting  lead  at  the  north-western  mines  in  'Waaooaama^ 
Missouri,  and  the  adjoining  States,  is  to  pick  the  ore  well  by  hand,  and 
remove  gangue,  which  consists  chiefly  of  heavy  spar  and  quartz,  and  then 
smelt  it  in  reverberatory  or  blast-fiunaces.  The  rich  slags  obtained  by  these 
processes  are  once  more  subjected  to  smelting  in  a  slag-fronace.  lliere  is 
not  much  difierence  in  the  form  of  the  reverberatory-fiimaces  for  smelting 
lead  or  other  metals.  The  frimace-hearth  for  smelting  lead  is  about  eight 
feet  long,  and  six  feet  wide ;  the  arch  is  twenty-four  or  twenty-six  inches 
above  the  bottom.  There  are  two  or  three  small  work-doors  on  each  side  of 
the  tonace,  besides  the  tap-hole  for  the  metal,  and  one  for  the  scoria.  The 
hearth  is  formed  of  poor  refractory  slags,  firmly  rammed  down  to  form  a 
basin  towards  the  tap-side.  From  this  side  the  metal  is  run  into  an  iron 
kettle,  from  which  it  is  ladled  into  moulds.  In  the  middle  of  the  roof  there 
is  an  aperture  for  charging  the  ore  into  the  furnace. 

When  the  furnace  is  heated  and  charged  with  about  a  ton  of  ore,  a  gentle 
heat  is  applied  for  the  first  two  hours.  All  the  doors  are  closed  during 
this  interval,  and  the  register  at  the  chimney  is  lowered.  During  this  pro- 
cess of  sweating,  some  metal  is  separated,  and  gathers  in  the  basin  of  the 
furnace.  When  the  ore  is  thus  uniformly  heated,  some  fine  charcoal  is 
thrown  into  the  furnace  and  mixed  with  the  slag.  The  metal  thus  fonned  is 
tapped  off,  the  heat  raised,  and  then  the  slag  is  diligently  stirred.  When  the 
charcoal  mixed  with  the  ore  is  nearly  consumed,  more  is  thrown  in,  and  the 
slag  and  coal  are  turned  over  together  by  means  of  paddles,  or  iron  ban 
flattened  at  one  end.  This  operation  of  alternately  throwing  in  fine  eoal, 
mixing  it  with  the  ore  and  tapping  metal,  is  continued  until  nearly  all  of  it 
is  exhausted  from  the  ore.    The  heat  in  the  furnace  is  a  dull  red  heat,  kept 
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up  rather  by  means  of  the  bnming  sulphur  than  the  combustioxi  of  any  fuel 
in  the  grate.  When  the  metal  is  nearly  extracted  i^om  the  ore,  the  heat  is 
gradually  raised  on  it.  At  last,  some  few  shovels-full  of  quicklime,  with 
some  charcoal, are  thrown  in.and  this  mixed  with  the  ore, and  to  it  a  strong 
heat  is  imparted.  This  generally  brings  out  all  the  metal  which  can  be 
obtained,  and  which  amounts  to  about  seyenty-two  per  cent,  of  the  ore  at 
the  western  fiunaces.  The  slag  which  is  remoyed  after  the  charge  is  ex- 
hausted, is  subjected  to,  re-smelting  in  the  slag-furnace.  About  four  hours 
are  required  for  one  heat  at  a  furnace ;  smelting  about  four  tons  of  metal  in 
twenty-four  hours. 

The  blast-furnaces  in  use  for  the  reduction  of  galena,  are  about  six  or 
seven  feet  high,  and  twelve. inches  wide..  They  are  worked  by  a  tuyere  in 
the  back  of  the  furnace.  The  interior  does  not  materially  differ  in  form 
from  a  common  cupel  oven,  with  the  exception  of  being  square,  and  having 
an  open  lymp ;  it  requires  no  particular  description.  The  operation  of 
smelting,  which  we  shall  describe  hearafter,  is  very  simple.  In  the  western 
states  the  furnace  is  fed  with  charcoal,  of  which  ten  bushels  are  consumed 
for  smelting  one  ton  of  lead ;  besides  1-lOth  of  a  cord  of  wood.  Three 
thousand  pounds  of  ore  furnish  about  a  ton  or  2,100  pounds  of  metal,  which 
makes  the  yield  seventy  per  cent.  Three  hands  are  required  to  attend  a  fiamace. 

The  slags  obtained  from  the  reverberatory  and  the  blast-furnace,  and 
those  from  all  ash-fumacea  of  the  lead  region,  are  re-smelted  in  the  slag- 
furnace.  This  is  a  low  furnace  about  two  and  a  half  or  three  feet  high,  and 
about  twenty-four  inches  square,  or  the  horizontal  section  forms  an  oblong  of 
twenty-two  by  twenty-six  inches.  The  hearth  in  which  the  reduction  is  per- 
formed, is  constructed  of  cast-iron  plates,  so  that  no  lead  may  be  lost  in  dis- 
solving the  hearth-stones.  The  front-plate  is  exposed  to  the  fire,  the  others 
are  covered  by  heavy  charcoal  dust ;  the  bottom  slopes  very  much.  Some 
of  these  furnaces  are  not  provided  with  iron  plates ;  they  are  consequentiy 
much  exposed  to  injury  by  the  fnsed  slag,  and  cause  in  consequence,  loss  of 
metal.  In  front  are  two  iron  basins,  one  receives  the  melted  lead  and  scoria 
as  they  issue  from  the  fiimace ;  the  lead  remains  in  the  first,  and  the  scoria 
runs  over  the  top  of  it  into  the  secon^  basin,  and  as  this  is  filled  with  cold 
water,  it  is  cooled,  flies  into  small  pieces,  and  is  thus  shovelled  out  and 
thrown  aside.  The  slags  before  they  are  subjected  to  reduction  in  these 
furnaces,  are  either  pounded  in  a  stamping  mill,  in  order  to  recover  grains 
of  metal  which  may  happen  to  be  inclosed  in  them,  or  are  simply  broken 
into  pieces  of  the  size  of  a  hen's  egg,  by  means  of  a  hammer  or  pounder. 
The  yield  of  a  reverberatory-ftimaoe  is  equal  to,  and  sometimes  by  smelting 
rich  slags,  superior  to  that  of  the  blast-furnace ;  2,500  pounds,  and  frequentiy 
more,  lead  is  smelted  in  twelve  hours.  The  slags  obtained  are  by  no  means 
free  from  oxide  of  lead ;  it  contains  as  much  as  twenty  per  cent,  of  metal. 
Charcoal  is  in.  general  use  as  fuel  in  these  furnaces. 

At  the  English  mines  the  ores  are  subjected  to  a  mechanical  puiifi6ation 
before  sending  them  to  the  smelt^woxJcs.  The  crude  ore  is  assorted  by  hand, 
after  which  it  is  subjected  to  grinding  between  fluted  rollers.    When  the 
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ore,  or  a  part  of  it,  is  so  hard  as  to  injure  the  oast-iron  rollers,  it  is  sent  to 
the  stamping  milL  Ores  which  are  reqBired  to  be  Tery  fine  are  also  stamped, 
after  having  been  crashed  between  the  rollers.  Thus  eonyerted  into'sainl, 
it  is  washed  in  order  to  remove  gangae  and  adhering  impuiities.  The  omde 
pieces  are,  in  some  instances,  silted  and  washed  before  they  are  crowed* 
After  the  ore  has  been  so  far  diminished  in  size  as  to  be  suitable  for  effectual 
washing,  it  is  sifted  into  the  tossing-tub,  or  into  the  jigging  apparatus.  This 
is  a  tub  with  water,  in  which  a  round  common  sieve  is  moved  by  hand,  and 
ip.  directing  that  motion  skilfully  up  and  down,  the  impurities  are  brought 
on  the  top  of  the  ore.  The  separation  of  impurities  is  essentially  effected 
by  hand,  the  use  of  sieves  and  water  merely  assists  this  operation.  The 
leading  object  in  this  case  is  to  force  water  through  the  meshes  of  a  sieve, 
in  which  a  couple  of  inches  of  ore  sand  is  contained ;  the  water  in  passing 
through  the  stratum  of  ore  will  raise  the  light  particles  above  the  heavy 
ones,  which  finally  form  the  lower  stratum  in  the  sieve.  It  is  immaterial  to 
the  success  of  the  operation  if  the  water  is  moved,  or  the  sieve  with  the  ore 
is  moved ;  the  first  plan  has  been  successfully  resorted  to,  and  a  pump  made 
to  drive  water  through  stationary  sieves.  The  impure  residuum  thus  obtained, 
is  subjected  to  washing  in  a  cistern,  simply  by  agitation  with  a  shovel;  or, 
the  ore  is  washed  in  a  short  labyrinth. 

When  the  hearth  is  formed  by  refuse,  or  slags  of  previous  smeltings,  and 
settled  by  heat,  the  ore  is  charged  through  the  aperture  in  the  top,  to  the 
amount  of  twenty  hundredweights  at  once.  It  is  subjected  for  two  hours  to 
a  gentle  heat,  so  as  to  expel  most  of  the  sulphur ;  in  the  meantime  all  aper- 
tures in  the  furnace  are  closed.  At  the  expiration  of  that  time,  the  fomace  is 
opened,  and  the  reduction  of  the  ore  gradually  accomplished  by  throwing  in 
small  charcoal,  stirring  the  mass,  and  tapping. the  metal  into  the  basin.  The 
slag  which  passes  out  with  the  metal  is  returned  to  the  fomace,  and  worked 
with  the  other  slags.  "When  the  ore  is  almost  exhausted  of  its  lead,  some 
quicklime  is  thrown  in,  a  strong  heat  is  finally  given ;  and  when  all  the  lead 
which  may  be  obtained  is  removed,  the  slags  are  drawn  out,  and  a  fresh 
charge  of  ore  is  introduced.  From  four  and  a  half  to  five  hours  are  required 
for  the  extraction  of  the  metal,  after  which  the  slags  still  contain  from 
twenty  to  twenty-five  per  cent,  of  metal.  From  one-haJfto  three-fburttia  of 
a  ton  of  inferior  mineral  coal  is  consumed  in  smelting  a  ton  of  lead. 

The  rich  slags  produced  either  in  the  reverberatoiy,  or  in  the  blast- 
furnace,  are  re-smelted  in  the  slag-fomace. 

In  France  the  smelting  of  lead  ores  is  in  some  places  performed  in  rever- 
beratory-fumaces,  with  the  assistance  of  iron  ore.  AVhen  the4;rude  ore  and 
slags  in  the  furnace  are  so  far  exhausted  of  their  metal,  as  to  yield  no  more 
lead  by  the  addition  of  small  charcoal  and  increased  heat,  the  smelter  throws 
into  the  furnace  some  stamped  and  washed  sparry  iron  ore,  in&tead  of  lime ; 
this  amounts  to  about  ten  per  cent,  of  the  lead  ore  primarily  charged.  This 
addition  stiffens  the  slag :  which  is  now  withdrawn  from  the  furnace,  and 
subjected  to  re-smelting  in  the  slag-hearth.  Nearly  all  the  lead  is  obtained 
from  the  slags  in  this  last  operation. 
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In  Gennany,  generally,  the  ores  are  purified  by  hand;  washed,  stamped, 
and  washed  again,  and  roasted  with  salt,  or  iron,  or  iron  ore. 

The  roasted  ore  is  smelted  in  blast-fhmaces,  which  are  from  twelve  to 
fourteen  feet  high.  The  front  or  tpmp  of  the  furnace  is  walled  up  with 
bricks,  which  are  temporarily  put  in  with  clay  mortar.  The  width  of  the 
furnace  is  from  twelve  to  fourteen  inches  square  or  oblong.  The  hearth  or 
bottom  of  the  furnace,  is  formed  of  a  mixture  of  loam  and  charcoal  dust 
firmly  rammed  in.  The  basin  outside  of  the  tymp  contains  the  lead  which 
is  tapped  off  by  opening  a  tap-hole  communicating  with  its  bottom.  The 
slags  are  conducted  on  a  slope  to  a  basin  wherein  they  are  accumulated  for 
re-smelting. 

This  fiomace  may  be  fed  either  by  charcoal  or  coke ;  the  latter  requires 
a  blast  somewhat  stronger  than  the  former,  but  in  no  c£ise  more  than  one- 
half  or  three-fourths  pound  pressure.  A  fan-blower  is  sufficient  for  charcoal  ; 
coke  requires  a  cylinder  blast.  Coke  operates  as  well  as  charcoal,  and  yields 
equally  as  much  and  as  good  metal  from  the  ore  as  the  latter.  In  working 
the  ftunace,  it  is  warmed  previously  to  charging  ore,  which  is  mixed  with 
fluxes,  such  as  litharge,  iron  ore,  calc-spar,  fluor-spar,  or  other  substances. 
Fuel  and  ore  are  charged  alternately,  as  at  any  other  blast-furnace.  The 
blast  is  generally  urged  in  case  charcoal  is  the  fuel.  The  metal,  or  metals, 
gather  below  the  tuyere  in  the  basin  of  the  hearth,  and  separate  into  various 
strata ;  pure  lead  and  all  the  silver  is  at  the  bottom ;  upon  this  there  is  a 
stratum  of  aUoys  of  lead  and  other  metals,  and  on  the  top  a  stratum  of  matt 
which  is  covez^  by  the  poor  silicious  slags.  The  latter  may  be  carefully 
drawn  off  and  removed  without  drawing  any  matt  or  metal.  When  the  matt 
reaches  so  high  as  to  admit  very  little  slag  on  its  surface,  the  blast  is  stopped, 
the  tuyere  temporarily  closed  up,  and  the  metal  tapped  into  the  basin.  As 
the  purest  metal  is  below  the  matt,  and  the  furnace  tapped  at  the  bottom, 
this  flows  out  first;  and  when  the  drawing  is  not  hurried,  it  may  in  some 
measure  be  separated  from  the  impure  metal  and  the'  matt  on  its  top. 
Generally  the  metal  is  tapped  from  the  frimace  at  intervals  of  eight  hours, 
and  very  little  is  left  in  the  furnace.  When  it  is  thus  removed,  the  hearth  is 
cleared  of  adhering  cinder  by  opening  the  tymp,  and  the  operation  goes  on 
as  before.  A  continual  blast  of  six  days  and  nights  work,  may  thus  be  made, 
after  which  the  fhmace  is  cooled  and  thoroughly  repaired.  In  the  basin 
before  the  hearth,  into  which  the  metal  has  been  tapped,  and  which  is  kept 
well  heated,  the  metals  separate  again  into  different  strata,  which  may  be  • 
obtained  after  removing  the  cold  crust  of  slags,  ^  it  forms  on  the  surface. 
As  the  purest  lead  is  at  the  bottom  of  the  basin,  it  is  ladled  out  after  the 
upper  strata  of  alloy  and  matt  have  been  removed.  In  this  operation  the 
poor  slags  are  thrown  away,  and  the  rich  ones  and  matt  are  re-smelted  with 
the  ore. 

The  best  and  purest  kind  of  lead  is  smelted  in  a  peculiarly  constructed 
reverberatory-fumace,  having  strongly  slopping  hearths.  The  hearth  is 
formed  of  loam,  about  twelve  inches  thick,  into  the  surface  of  which  a  layer 
of  finely  broken  slags,  about  four  inches  thick,  is  firmly  pounded,  and 
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cemented  by  heat  The  basin  of  the  hearth  is  about  six  inches  deep; 
towards  both  bridges  it  rises  considerably  more.  The  hearth  of  the  fhrnaoft 
is  about  twelve  feet  long,  and  eight  feet  wide.  Wood  is  used  as  fheL  The 
operation  in  this  fdmace  is  similar  to  that  described  above,  for  other  le- 
verberatory  fiimaces.  The  ore  is  successfully  sweated,  roasted,  and  zedooed. 
The  slags  which  remain  after  that  operation  are  reduced  in  the  Uast-fiaznAce.  I 
In  front  of  the  furnace,  as  we  have  stated  before,  is  a  cast-iron  pan,  or  ketde,  | 
into  which  the  lead  is  tapped,  and  from  which  it  is  ladled  into  the  pig-numlda. 
In  these  pans  very  large  cxystals  of  lead  may  be  obtained,  when  the  mietal  is 
suffered  to  cool  slowly. 

At  the  Hartz  mountains,  in  northern  Germany,  galena  is  reduced  by  the 
assistance  of  iron  in  blast,  or  elbow-furnaces.  When  constructed  for  using 
coke,  these  furnaces  are  veiy  low,  or  not  more  than  three  or  four  faet  hi^  ; 
for  charcoal  they  are  from  eighteen  to  twenty  feet  high.  The  hearth  is 
formed  of  fine  coal  and  clay.  The  tymp  is  of  common  brick.  The  intezicv 
is  about  two  and  a  half  feet  by  fifteen  inches  at  the  tuyere ;  the  mouth  (top) 
is  fifteen  inches  wide  and  round.  On  the  top  of  the  furnace  is  a  lahyrintliic 
succession  of  chambers,  into  which  the  dust  from  the  ore,  or  the  oxides  of 
the  volatile  metals  are  condensed.  The  mouth  is  funnel  shaped  to  prevent 
the  deposition  of  volatile  metal  near  or  below  the  mouth  of  the  furnace.  A 
hood  formed  at  the  tymp,  and  which  communicates  with  the  condensing 
chamber,  draws  in  the  vapours  of  those  metals  which  escape  at  the  tymp. 

The  ore  which  is  smelted  in  these  furnaces  is  always  extremely  well 
prepared,  pounded,  and  washed.  Instead  of  iron  ore,  granulated  castizon 
is  used  with  success.  The  ores  may  be  vexy  impure,  but  the  lead  is  always 
obtained  in  great  purity. 

The  reduction  of  lead  ores  is  extremely  simple.  In  all  instances  of 
smelting,  a  considerable  loss  of  metal  is  experienced,  which  has  been  the 
cause  of  a  close  examination  of  the  process,  and  we  may  assert^  that  no 
metallurgical  operation  is  more  thoroughly  and  scientifically  known,  than 
the  reviving  of  lead.  This  metal  is  in  most  instances  the  bearer  of  silver, 
the  bulk  of  which  is  obtained  from  lead  ores.  In  order  to  investigate  the 
cause  of  the  loss  in  lead  metal,  and  also  a  suspected  loss  of  precious  m^al, 
much  labour  and  ingenuity  has  been  bestowed  on  this  subject 

In  the  smelting  of  crude  galena  in  a  reverberatory-fumace,  the  sulphuret 
is  at  the  commencement  of  the  operation,  deprived  of  a  part  of  its  sulphur 
.  by  heat ;  metal  is  formed,  and  as  oxygen  finds  access  to  the  ore,  oxide  of 
lead,  and  consequently  sulphate  of  lead  is  also  formed.  The  proportion  of 
these  substances  depends  of  course  on  the  degree  of  care  bestowed  upon  the 
process.  When  after  two  hours  the  roasting  of  the  ore  is  so  flax  completed 
as  to  admit  of  its  reduction,  the  heat  is  raised  so  high  as  to  form  a  pasfy 
mass.  Oxide  of  lead  and  sulphuret  of  lead  now  mix  completely  and  fiom 
metal,  sulphuret,  and  sulphate,  from  which  mixture  the  metal  parts  by  force 
of  gravitation.  In  mixing  carbon  with  the  slag,  the  sulphate  is  reduced  to 
sulphuret,  which  is  again  deprived  of  its  sulphur  by  heat.  Thus,  by  alter* 
nate  oxidation  and  reduction  of  the  ore,  a  certain  amount  of  metal  is 
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abstracted.  The  reidyal  of  lead  from  the  slag  oauses  it  to  be  more  refraotoiy 
at  the  end  of  the  operation  than  it  was  at  first,  because  the  sulphuret  or  the 
oxide  of  lead,  which  was  the  cause  of  its  fusibility,  is  chiefly  removed. 
When  the  slags  are  so  pasty  as  to  inclose  grains  of  metal  which  have  not  the 
power  of  separating  by  grayity  or  cohesion,  they  cannot  yield  any  metal, 
although  the  whole  of  it  mat^  be  rcTived.  In  order  to  obtain  all  the  metal 
from  the  slag,  it  ought  to  be  at  least  as  fluid  as  the  metal  itself,  at  the  same 
degree  of  heat  Such  a  slag  is  not  easily  obtained  without  oxide  of  lead,  or 
sulphurets  of  other  metals.  Salts  of  any  kind,  such  as  fluorides,  chlorides, 
and  sulphates,  form  the  best  auxiliaries  in  this  operation :  and  if  present 
only  in  a  small  quantify,  they  are  of  service.  Lead,  bismuth,  antimony,  and 
in  fact  all  the  fusible  metals,  will  readily  separate  from  other  matter  than 
metals,  in  virtue  of  their  gravity  and  cohesion ;  but  it  is  a  necessary  condition 
of  their  separation,  that  the  matter  with  which  these  metals  are  combined, 
should  be  fluid.  The  metal  cannot  separate  from  a  dry  slag,  an  agglutinati0n 
of  its  particles  is  necessary  before  it  can  subside. 

A  fluid  cinder  is  necessary  not  only  for  the  agglutination  of  the  metallic 
particles,  but  also  for  their  production.  When  a  dry  or  pulverulent  mixture 
is  mixed  with  carbon,  oxygen  may  be  abstracted  from  it  by  the  carbon ;  but 
as  the  newly-formed  particle  of  metal  is  exposed  to  the  influence  of  oxygen — 
which  it  will  absorb  from  the  products  of  combustion,  if  it  cannot  obtain  it 
in  another  form-— it  will  oxidize  as  quickly  as  it  is  reduced.  If  metallic 
oxides,  or  sulphurets  and  slags  are  fluid,  the  addition  of  carbon  to  the  mix* 
ture  will  deprive  the  oxidized  metal  of  oxygen ;  and  if  the  metal  as  weU  as 
the  slags  continue  to  be  fluid,  the  latter  w^  protect  the  first  against  oxygen. 
The  fluidity  of  the  slags  will  also  admit  of  the  subsidence  and  gathering  of 
the  metallic  particles. 

In  smelting  galena  in  areverberatoiy-fiunace,  we  deprive  the  slags  gradually 
of  the  means  of  fluidity  by  abstracting  that  metal  from  them,  which  has  been 
the  cause  of  their  fusibility.  This  abstraction  can  be  oanied  only  to  a 
certain  point.  When  the  slags  cease  to  be  fusible  at  the  heat  by  which  the 
metal  melts,  they  must  cease  to  furnish  metal  any  farther,  however  much 
may  be  contained  in  them.  We  perceive,  therefore,  very  readily,  that  the 
quantity  of  metal  retained  by  the  slag  depends  entirely  on  its  fusibility,  and 
not  on  its  composition.  Lead,  like  the  precious  metals,  separates  easily 
from  all  other  matter,  and  thus  far  the  composition  of  the  slags  has  little 
effect  on  its  quality.  If,  in  operating  on  galena,  fluxes  can  be  introduced 
which  continue  the  fluidity  of  the  slags  at  a  modezate  heat,  all  the  lead,  even 
the  last  particle  of  it  may  be  obtained. 

The  fluidity  of  slags  depends  as  well  on  heat  as  on  their  composition ;  we 
may  continue  the  fluidity  of  a  slag  by  increasing  the  heat ;  this,  however 
applicable  with  some  metals,  is  not  the  fact  with  lead.  When  the  heat  on 
metals  is  raised  beyond  a  certain  degree,  they  evaporate.  In  any  smelting 
operation  therefore,  it  should  not  exceed  that  degree.  Metallic  lead,  and 
especially  oxide  of  lead,  sulphuret  and  salts  of  lead,  are  very  volatile,  and  a 
strong  heat  on  them  must  be  avoided.    It  must  be,  therefore,  the  practice  to 
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smelt  lead  by  as  low  a  heat  as  possible ;  and  in  order  to  aecamplish  this,  a 
mixture  of  ore  most  be  prepared  which  affords  a  fdsible  slag  without  lead. 

Lead  combines  very  readily  with  other  snbstanoes  under  certain  con- 
ditions, and  in  most  instances  in  definite  proportions.  Iron  will  combine 
with  snlphnr  in  all  proportions,  bnt  not  so  lead.  There  are  yaiions  cotmbin- 
ations  of  lead  and  snlphnr,  which,  when  exposed  to  heat,  form  the  combinA- 
tion  which  we  recognize  in  galena.  If  less  snlphnr  is  present,  metal  and 
sulphnret  are  formed.  This  accounts  for  the  revival  of  pure  lead  from  galena 
that  is  partially  roasted.  In  the  composition  of  reverberatoiy  and  blast- 
furnace slags,  we  find  the  means  of  detecting  the  true  conditions  nnder 
which  lead  is  smelted  most  profitably. 

A  slag  which  had  been  deprived  of  its  metal  by  a  long  continued  oper- 
ation in  the  reverberatoiy — sixteen  hours*  work — contained  still  13  per  cent, 
of  oxide  of  lead,  58*5  oxide  of  iron,  i  1*5  barytas,  and  5  sulphnret  of  lead ; 
also  17  silex.  This  shows  that  the  last  particles  of  sulphur  will  adhere  to 
lead,  when  all  other  substances  are  oxidized.  A  reverberatoiy  slag  entirely 
free  from  sulphur,  contained  51  sulphate  of  barytas,  10*5  sulphate  of  lime. 
1*5  fluoric  acid,  8  protoxide  of  iron,  and  84  oxide  of  lead.  A  slag  obtained 
from  impure  galena,  that  is,  an  ore  from  which  heavy  sp«r  could  not  be 
separated,  was  composed  of  80  sulphate  of  lead,  24  sulphate  of  baiytas,  5*6 
gypsum,  8'5  fluoric  acid,  14*7  carbonate  of  lime,  2  sulphnret  of  lead,  5*6  pro- 
toxide of  iron,  8  oxide  of  zinc.  A  very  fluid  slag  which  flowed  off  with  the 
metal,  contained  9  sulphate  of  lead,  30  sulphate  of  baiytas,  33  sulphate  of 
lime,  13*6  fluoric  add,  8*8  lime,  2  oxide  of  iron,  and  2  oxide  of  zinc.  This 
contains  the  least  lead,  and  large  quantities  of  alkaline  salts ;  all  the  alka- 
line earths  axe  combined  with  some  acid,  which  renders  the  compound  fluid. 

The  last-mentioned  slag  is  produced  from  crude  galena,  which  has  been 
merely  freed  by  hand  from  impurities,  and  for  these  reasons  we  invite 
attention  to  it.  It  shows  a  very  rational  operation.  The  ore  is  charged  in 
the  furnace  in  the  common  manner,  and  reduced  so  fax  as  it  will  furnish 
metal.  When  the  slag  becomes  too  stiff  for  yielding  metal,  some  finely- 
pulverized  fluate  of  lime  is  tiirown  in  and  mixed  with  the  mass.  This 
renders  the  barytas  and  gypsum  fusible,  and  the  reduction  of  galena  may 
take  place.  So  long  as  the  fluidity  of  the  slag  is  continued,  lead  is 
formed.  To  render  this  operation  profitable,  fluate  of  lime  should  be  used 
in  a  considerable  quantify;  but  as  this  cannot  be  obtained  always,  we 
propose  the  substitution  of  the  chlorine  for  fluorine,  which  possesses  in 
as  high  a  degree  as  the  latter,  the  quality  of  'fluxing  sulphates.  In  this 
instance,  gypsum  and  common  salt  may  be  pulverized  together  when 
damp.  These  form  a  very  fluid  slag  with  bfiuytais,  lime,  iron,  and  other 
metals. 

The  following  reverberatoiy  slags  shows  that  lead  can  be  removed  almost 
entirely  from  the  ore,  in  oxidizing  the  mixture  completely.  A  slag  from  zinc 
ore  contained  64'5  protoxide  of  iron,  2*5  oxide  of  lead,  1  oidde  of  zinc,  2*5 
alumina,  and  29*5  sOex.  The  iron  and  silex  here  fonn  the  slag.  It  must  be 
observed  that  in  precipitating  aU  the  lead  from  a  slag  by  means  of  iron,  the 
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metal  will  contam  much  iron  and  be  otherwise  impure.  When  an  ore  con- 
tains mnch  zinc  there  is  hardly  any  other  profitable  way  of  smelting  it,  than 
to  flux  by  means  of  iron,  either  with  iron  ore  or  pyrites;  all  or  most  of  the 
zinc,  remains  then  in  the  slag. 

The  slags  of  blast-furnaces  differ  somewhat  from  those  of  the  roTerber- 
atory,  in  containing  more  silex,  and  in  most  cases,  less  lead.  A  slag  which 
was  formed  at  a  moderate  heat,  and  considered  as  exhausted  of  lead,  con> 
tained  34*4  oxide  of  iron,  6-6  oxide  of  lead,  7  lime,  9  sulphuret  of  iron,  a 
little  manganese  and  oxide  of  zinc,  and  d4'8  silex.  A  slag  from  an  argenti- 
ferous galena,  contained  45*4  protoxide  of  iron,  11*2  magnesia,  d  sulphuret 
of  iron,  3*9  alumina,  and  86*3  silex.  The  following  proportions  show  that  a 
large  quantity  of  lime  is  of  no  advantage ;  25  protoxide  of  iron,  24  lime,  10*6 
zinc,  8  oxide  of  lead,  7  alumina,  28*6  silex.  The  following  is  a  profitable 
slag :  84'8  protoxide  of  iron,  6*8  oxide  of  zinc,  2'4  oxide  of  copper,  7  man- 
ganese, 6-6  lime,  '^mi^esia^  2  oxide  of  lead,  12  sulphuret  of  iron,  and  8*4 
alumina. 

When  ores  are  exposed  to  a  low  heat,  they  hardly  enter  into  any  com- 
bination with  sUex,  and  of  these  the  oxides  only.  Sulphurets,  srdphates, 
chlorides,  fluorides,  and,  in  fact,  all  other  metallic  compounds,  do  not  >oom- 
bine  with  silex;  it  is  only  after  all. other  matter  is  evaporated,  that  the 
oxides  unite  with  that  acid.  We  may  smelt  lead  to  perfection  without  form- 
ing any  silicate ;  but  this  requires  the  presence  of  a  large  quantity  of  chlorine, 
fluorine,  or  some  other  permanent  aeid.  In  roasting  the  ores  before  smelting, 
we  are  derived  of  the  advantages  resulting  from  the  fusibility  of  the  sul- 
phurets and  adds,  and  are  compelled  to  form  silicates,  because  those  sub- 
stances which  form  a  fluid  slag  in  the  low  heat  of  a  reverberatory-iumace,  eva- 
porate in  the  heat  of  a  blast-furnace  and  are  lost.  When  it  is  in  our  power  to 
form  a  fusiblia  slag,  either  by  means  of  fluates  or  chlorides  and  sulphates,  it  is 
more  profitable  to  ralelt  in  a  reverberatory  than  in  a  blast-fdmace,  and  pre- 
cipitate the  lead  to  within  a  few  per  cent.,  in  the  first  and  only  operation. 
In  this  instance  the  ore  needs  no  crushing  and  expensive  washing,  a  removal 
of  the  coarsest  pieces  of  quartz,  and  of  the  loam,  is  the-  only  labour  necessary 
to  be  performed  on  it.  The  presence  of  quartz  will  not  influence  the  result, 
because  when  other  acids  are  present,  it  does  not  enter  into  combination. 
If  no  materials  are  at  hand  to  form  a  fusible  slag,  either  by  natural  or  arti- 
ficial means,  then  it  is  necessary  to  roast  the  ore  and  smelt  in  the  blast- 
furnace^ In  this  instance,  the  ores  must  be  roasted,  becanse  the  sulphurets 
are  very  volatile,  and  wiU  not  resist  the  heat  of  that  furnace.  The  most 
profitable  flux  is  the  protoxide  of  iron.  Lime  or  magnesia,  and  other  alkaline 
earths,  <lo  not  form  sufficiently  fluid  slags  to  used  profitably. 

When  ciroumstances  render  it  necessary  to  smelt  in  blast-fomaces,  the 
operation  ought  to  be  conducted  in  such  a  manner  as  to  obtain  all  the  lead 
at  one  smelting.  This  appears  sometimes  to  be  difficult,  but  it  is  not  so 
where  cheap  iion  ore  can  be  obtained  in  sufficient  quantity.  When  a  slag 
or  ore  is  to  be  exposed  to  smelting  in  a  blast-furnace,  it  ought  to  be 
thoroughly  oxidized ;  because  if  any  sulphur  is  left  in  it,  even  in  the  form  of 
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anlphato,  lead,  and  zinc,  are  the  first  to  evaporate.  Lime  does  not  remoTe 
anlphnr,  but  combines  ^th  it,  like  all  other  alkalies.  Iron,  becaiue  it 
abeorbfl  sulphur,  and  as  easily  parts  with  it,  is  the  most  suitable  anbatanee 
to  mix  with  the  solphnreons  ore  for  the  purpose  of  oxidation;  it  forms  a 
fluid  slag  at  quite  a  low  heat  with  silex,  and  is  thus  fax  the  best  flux  in  the 
bkst^fittnace.  Manganese  serves  equally  as  well  as  iron,  and  may  be  siub- 
■tituted  for  it ;  but  no  other  metallic  oxide  can  be  substituted  for  these  two. 

When  sulphurets  of  lead  are  roasted  in  the  air,  they  are  never  entirely 
liberated  firom  sulphur ;  the  most  carefully  roasted  lead  ore  contains  sulphur. 
Galena  roasted  with  extreme  care,  in  a  heap,  contained  18  oxide  of  lead,  86 
sulphate  <^lead,  and  10  snlphuret  of  lead.  The  same  galena  roasted  during 
seven  hours  in  a  reverberatory,  formed  metallic  lead,  and  the  roasted  ore 
powder  consisted  of  80  oxide  of  lead,  46  sulphuret  of  lead,  17  metallic  lead, 
and  7  iron  oxide  and  silex.  When  other  metals  are  present  besides  lead, 
such  as  iron,  zinc,  and  others,  they  are  oxidized  before  all  the  sulphur  is  re- 
moved. A  persevering  roasting  of  ten  or  twelve  hours  in  a  reverberatoi^- 
fumaoe,  will  remove  much  of  the  sulphur;  but  from  eight  to  ten  per  cent,  of 
sulphate  of  lead  remains  in  all  instances.  The  presence  of  a  large  quantity 
of  silex,  say  twenty-five  per  cent,  of  the  ore,  is  the  best  means  for  the 
removal  of  sulphur.  From  such  ore  the  last  trace  of  sulphur  may  be  re- 
moved in  the  reverberatoiy-fumace,  or  ia  roasting  it  in  the  open  air.  It 
would  not  make  any  difference  by  what  means  sulphur  is  removed  in 
roasting,  and  silex  might  serve  quite  as  well  as  iron,  if  it  could  be  removed 
advantageously  before  bringing  the  ore  or  slag  into  the  blastfurnace. 

In  practice  at  the  fiimaces,  we  find  the  above  principles  operate  under 
fDrms  modified  by  local  circumstances.  The  smelters  at  a  reverberatory- 
fhmace  alternately  cool  and  heat  the  fomace,  in  order  to  oxidize  and  reduce 
by  means  of  granulated  coal.  A  fluid  slag  cannot  quickly  oxidize ;  it  is  like 
melted  metal  in  this  respect ;  there  are  no  points  of  contact  for  the  oxygen. 
The  drying  up  of  the  slags,  by  cold  or  drying  flux,  such  as  lime,  facilitates 
the  oxidation  of  the  sulphuret.  The  best  plan  is  to  run  the  metal  and  slags 
Out  continually,  the  first  into  a  heated  iron  pan,  the  latter  over  damp  char- 
coal-dust. This  mode  of  operation  causes  oxidation  quicker  than  any  other. 
When  the  slag  is  cooled,  it  may  be  recharged  or  reserved  for  the  shig-fiunace. 
Slack  coal  should  never  be  mixed  with  the  slag  for  reduction ;  a  granulated 
coal  assists  in  forming  large  globules  of  metal ;  it  affords  points  of  oxidataon 
for  the  slag,  and  does  not  stiffen  it  so  much  as  find  coaL  When  litharge  is 
reduced  in  a  reverberatory,  it  does  not  work  well  if  both  coal  and  litharge 
are  fine;  this. is  not  from  want  of  affinity  or  other  secret  causes.  The 
powdered  mass  does  not  admit  of  the  formation  of  a  large  globule  of  metal, 
or  of  motion  in  the  fiuid  metal,  which  is  necessary  for  agglutination.  And 
as  oxi4e  of  lead,  particularly  when  mixed  with  a  refractory  substance,  does 
not  melt  at  so  low  a  heat  as  metallic  lead,  the  whole  must  be  heated  until 
the  mixture  of  oxide  and  coal  begins  to  become  fluid,  and  admits  of  the  sub- 
sidence of  the  metal.  Litharge  is  easily  reduced  in  the  reverberatory-foxnace. 
A  charge,  consisting  of  one  ton  of  litharge,  may  be  smelted  in  one  and  a  half 
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or  two  hours,  when  in  a  grannlated  fonn ;  but  when  finely  ground  litharge 
or  fine  coal  is  used,  twice  as  much  time  is  required.  When  the  heat  must 
be  urged  so  high  as  to  melt  the  litharge,  the  process  is  slow.  We  find  the 
principle  of  the  operation  here  to  be  di£ferent  from  that  of  smelting  ore;  if, 
in  the  latter  case,  we  work  the  ore  dry,  as  litharge,  we  produce  but  little 
metal.  The  cause  of  this  is  plain ;  there  are  impurities  and  metal  in  close 
contact  in  the  ore,  and  no  large  globule  of  metal  can  be  formed,  because  the 
foreign  matter  interposes  between  the  particles  of  metal. 

The  c<»idition8  under  which  successful  smelting  may  be  performed,  are 
therefore  veiy  plain.  A  fluid  slag  is  in  all  cases  required  where  impure  ore 
is  to  be  smelted ;  pure  ore  or  litharge,  may  be  worked  more  dry  than  impure 
ore.  Fusible  slag  may  be  produced  by  a  variety  of  means,  of  which  heat  is 
the  most  aTailable,  but  not  the  most  profitable.  High  heat  causes  a  loss  of 
metal  by  evaporation ;  it  brings  foreign  metals  into  the  lead,  which  are 
injurious  to  its  quality.  Lead,  and  in  fact  all  other  metals,  ought  to  be 
smelted  at  the  lowest  heat  by  which  they  can  be  melted.  A  low  heat 
will  produce  the  best  metal  in  all  instances,  and  as  that  kind  of  work 
demands  less  fuel  and  labour,  too  much  attention  cannot  be  bestowed  no 
this  subject.  Fusible  slag  should  be  formed  by  means  of  fluxes,  not  by 
heat,  which  will,  in  most  instances,  remove  those  ingredients  which  cause 
fluidity.  Protoxide  of  iron,  which  is  most  successfully  fonned  of  powdered 
hematite-ore  and  carbon,  forms  readily  a  fusible  slag,  in  the  presence  of 
chloxine,  fluorine,  sulphuric,  phosphoric,  or  any  other  add ;  but  these  adds 
are  soon  evaporated  by  a  strong  heat. 

Smelters  dislike  the  use  of  much  iron  in  a  reverberatory,  as  well  as  in 
the  blast-fumace,  because  in  its  most  fluid  condition,  it  acts  upon  the  stones, 
bricks,  and  slags,  of  which  the  hearth  is  formed,  and  causes  their  premature 
destruction.  When  the  work  is  done  on  a  fine  charcoal  or  coke  hearth,  in 
the  presence  of  much  iron,  it  is  reduced  with  the  lead,  and  impairs  its 
quality.  We  recommend  for  these  reasons,  for  smelting  lead,  the  application 
of  cooled  boshes,  and  cold  cast-iron  bottoms,  such  as  are  used  in  puddlisg- 
fumaces.  In  the  slag-hearth  and  blast-furnace,  iron  plates  are  generally 
used  below  the  tuyere,  and  are  lined  with  clay  or  coatdust ;  but  both  these 
materials  for  linings  are  injurious  as  well  to  the  quality  of  the  metal  as  to 
the  yield.  There  cannot  be  any  disadvantage  in  surrounding  a  slag- hearth 
with  cooled  iron  plates,  similar  to  a  run-out  fire  for  refining  iron.  A  littie 
more  fuel  may  be  used  in  smelting,  but  a  more  fluid  cinder  can  then  be 
employed  than  in  any  furnace,  which  of  course  tends  to  economize  fuel ;  and 
causes  a  purer  artide  of  metal.  Furnaces  of  this  kind  were  used  in  the 
State  of  New  York,  and  worked  successfally.  The  hearth-plates  were  cooled 
by  the  blast. 

At  the  smelting-fnmaces,  particularly  at  those  where  the  operation  is 
performed  at  a  high  heat,  a  white  smoke  is  thrown  out  at  the  tymp,  or  at 
the  top  of  the  furnace ;  this  may  be  gathered  in  condensing  chamben. 
Similar  chambers  may  be  annexed  to  reverberatory-fumace.  This  white 
smoke  contains  those  metals  which  are  in  the  ore.    A  reddish  dust  from  a 
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reyerberatory-fomace  contained,  1 1  oxide  of  lead,  60  sulphate  of  lead,  2 
ions  acid,  15  oxide  of  zinc,  12  oxide  of  iron.  When  there  is  much  zinc  in  the 
ore,  and  it  off  course  evaporates,  a  large  quantity  of  silyer  is  carried  away 
by  it.  Iron  and  coal  are  generally  the  colouring  matters  in  the  body  of 
these  deposits.    It  is  always  found  to  be  chiefly  oxide  and  solphate  of  lead. 

Ohaadeal  tanmazy. — ^The  minerals  from  which  metala  are  extracted, 
consist  in  most  instances,  of  chemical  compounds  of  the  metal  with  varions 
other  substances ;  consequently,  the  process  by  means  of  which  the  metals 
are  extracted  from  their  ores,  are,  generally  speaking,  chemical,  and  consist 
in  the  decomposition  of  the  compounds  constituting  the  ores,  together  with 
the  production  of  other  compounds  in  which  the  substance  to  be  separated, 
does  not  constitute  a  part.  One  of  the  essential  conditions  of  this  chemical 
change  is  that  one  or  both  of  thd  substances  should  be  in  the  liquid  or 
gaseous  state. 

Metallic  ores  might,  therefore,  be  decomposed  by  being  subjected  to  the 
action  of  certain  gasses  or  liquids,  and  in  some  cases  this  is  done ;  but  the 
general  practice  is  to  transform  the  ore  itself  into  the  liquid  state  by  fusion. 
In  both  cases  a  temperature  approaching  redness  is  necessary  for  the  pro- 
duction of  the  desired  change,  and  consequently  this  method  of  operating  is 
technically  called  the  "  diy  way,"  voce  seohdt  troeknen  wege,  while  the  treat- 
ment of  ores  with  aqueous  liquids  is  called  the  "  wet  way."  There  is,  how- 
ever, scarcely  any  essential  difference  between  the  processes  set  up  in  both 
methods  of  operation,  for  in  both  cases  it  is  heat  which  determines  the 
mobility  of  the  particles  of  a  gas  or  a  liquid,  the  only  difference  being  that 
some  substances  are  liquid  or  gaseous  at  the  ordinary  atmospheric  tempera- 
ture, while  others  acquire  this  state  only  at  more  elevated  temperatures. 
Nevertheless,  there  is  a  practical  advantage  in  classing  metallurgical  oper- 
ations under  the  two  heads  of  the  dry  and  wet  methods. 

The  nature  of  the  operations  by  which  metals  are  extracted  from  their 
ores,  depends  upon  the  chemical  nature  of  the  metal  to  be  extracted. 

The  metallic  ores  which  are  most  frequent  and  abundant,  have  generally 
the  following  composition: — 

1«  Oxides. — ^This  is  the  most  frequent  state  in  which  metals  occur. 

2.  Sulphides. — This  is  the  general  composition  of  ores  of  copper,  lead, 
antimony,  and  in  part  of  silver  and  zinc.  These  ores  bear  the  names  of 
pyrites,  glance,  or  blende. 

3.  Anenides  constitute  but  an  unimportant  part  of  metallic  ores. 

4.  MetcUUe  edits;  the  most  frequent  being  carbonates,  including  the 
spathic  ores  of  iron,  zinc,.lead,  and  copper ;  but  as  these  compounds  may  be 
deprived  of  their  carbonic  acid  by  ignition,  their  metallurgical  treatment 
coincides  with  that  of  the  oxides.  Other  metallic  salts,  such  as  sulphates, 
phosphates,  arsenates,  and  silicates,  are  only  of  rare  occurrance  as  ores. 

These  miaerals  do  not  occur  in  a  state  of  purity  to  such  an  extent  as  is 
requisite  for  the  extraction  of  the  metals.  Most  ores  are  rather  associated 
with  ores  of  other  metals,  from  which  they  cannot  be  separated  by  mechanical 
means,  as  for  instance,  copper  pyrites,  galena,  or  blende ;  or  they  contain 
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seyeral  metals ;  for  instance,  copper  and  lead  in  bouxnonite,  lead  and  silver 
in  galena.  Hence  it  follows  that  in  the  first  instance,  ores,  when  melted 
frequently  yield  prodacts  which  require  to  be  subjected  to  i^cial  operationa 
lor  the  separation  of  the  metals  they  contain. 

A  stiU  more  important  circumstance,  is  the  association  of  metallic  ores 
with  minerals  that  do  not  contain  metals,  and  which  constitute  the  matrix  in 
which  the  ore  is  imbedded.  These  admixtures  can  rarely  be  separated 
mechanically,  and  indeed  are  sometimes  yexy  serviceable  jr  the  smelting 
operation. 

Smelting* — ^While  the  chemical  changes  which  ores  and  metalluigical 
products  undergo  in  roasting,  are  effected  by  the  action  of  certain  gases  upon 
the  solid  compounds  of  the  metal ;  the  chemical  processes  that  take  place  in 
smelting  operations,  consist  in  the  reaction  of  the  ore  with  other  substances 
while  in  a  liquid  state.  The  object  of  the  smelting  operation,  is  always  to 
effect,  or  approach  near  to  the  separation  of  the  substances  combined  or 
mixed  with  the  metal,  and  to  obtain  this  in  a  state  of  regulus.  The 
mere  chemical  elimination  of  the  metal  would  be  of  little  serrice  in  practical 
metallurgy,  imless  it  were  effected  under  such  conditions  as  would  admit  of 
its  mechanical  separation  from  the  other  products  of  the  operation.  In  all 
smelting  operations,  there  is  such  a  mechanical  separation  of  two  or  more 
substances  in  layers,  one  above  the  oth^.  The  composition  of  these  several 
layers,  will  at  once  be  evident  from  the  composition  of  the  materials  operated 
upon.  As  a  general  rule,  these  will  contain  certain  admiixures,  consisting 
in  part,  of  silicates  of  the  earths  and  alkalies ;  in  part  also,  of  quartz,  lime- 
stone, &p.  These  substances  are  generally  infusible,  or  fusible  only  at  very 
high  temperatures,  so  that  it  is  necessary  to  convert  them  into  a  state  in 
which  they  may  be  smelted.  This  is  effected  by  fusing  with  the  ore  other 
substances,  which  will  combine  with  those  that  are  to  be  separated,  and  in 
the  fusion,  give  rise  to  the  production  of  a  vitreous  mass  called  slag.  Even 
when  the  ore  consists  entirely  of  a  metallic  oxide,  it  is  always  advisable  in 
practice  to  mix  it,  according  to  its  nature,  other  substances  which  contribute 
to  the  production  of  slag,  because  by  this  means  the  fusion  is  facilitated,  and 
the  surface  of  the  reduced  metal  is  protected  by  the  slag  from  the  oxidizing 
action  of  the  air  passing  through  the  surface. 

The  slags  produced  in  metallurgical  operations  are  essentially  com- 
pounds of  silica  with  earths,  chiefly  lime,  magnesia,  and  alumina,  or  with 
metallic  oxides,  such,  as  protoxides  of  iron,  or  of  manganese.  They  also  con- 
tain in  some  instances,  alkalied,  baryta,  oxides  of  zinc,  copper,  or  lead,  small 
amounts  of  fluorine  and  sulphur  compounds,  phosphates,  and  sulphates,  and 
sometimes  granules  of  reduced  metal,  or  other  products  of  the  smelting 
operation. 

These  compounds  belong  to  the  class  of  oxygen  salts,  and  are  analogous 
to  the  siliceous  minerals  which  constitute  rocks.  The  silica  in  these  sub- 
stances is  a  compound  of  siHcum  with  three  equivalents  of  oxygen  (SiO^), 
and  has  the  functions  of  an  acid.  At  high  temperatures  silica  displaces  all 
acids  that  are  volatilizable,  and  unite  with  the  bases  they  were  combined 
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mth.  It  also  combines  with  most  bases  in  several  different  proportioiis ; 
those  sHieates  being  regarded  as  nentral  salts,  in  which  the  proportioii  of 
oxygen  in  the  base  is  to  that  in  the  acid,  as  1  :  3;  and  those  silicateii  in 
which  the  proportions  are  different  from  this,  being  called  add  or  baaie 
according  to  the  inreponderanoe  of  silica  or  of  base. 

la^3r"  ^*lSrfil.  ^«»'«*^  FormuliB  of  Silicatei. 


3  neutral  silicate   RO    SiO^  or  B<0>  3SiO'  a 

2  )  3RO,28iO«  or  Il20»,2Si03  b 

11  >  basic  silicates  2R0,  SiO^  or  B^Os.dSiO^  e 

1   )  (8R0)  SiO>  or  RK)^  SiO'  d 


Since  the  fasibility  of  slag  is  a  character  of  great  importance  in  reference 
to  the  smelting  of  ores;  and  since  this  character  is  partly  determined  by  the 
nature  of  the  bases,  and  partly  by  the  proportion  in  which  it  is  combined 
with  the  silica,  it  is  desirable  that  the  metallnrgist  should  be  acquainted 
with  the  ftiBibility  of  the  yarions  silicates  of  those  bases  which  are  nsnally 
present  in  metallic  ores. 

The  investigations  that  have  been  made  in  reference  to  this  point,  show 
that  among  the  calcareous  silicates,  that  which  is  represented  by  the  symbolic 
formula  80aO,  2810',  is  the  most  fusible ;  the  neutral  silicate  CaO,  SiQs  is 
less  fusible,  and  the  others  are  almost  infdsible.  The  amount  of  lime  in  the 
fusible  silicate  of  lime,  varies  from  twenty-five  to  forty-seven  per  cent. 

The  magnesian  silicates  are  frisible  only  at  very  high  temperatures,  and 
those  corresponding  with  the  above  formulse,  are  at  the  most,  only  softened. 

Aluminous  silicates  are  probably  quite  infusible. 

All  double  silicates  are  more  fusible  than  the  simple  silicates,  and  any  in- 
fusible silicate  may  be  dissolved  by  some  other  silicate  in  a  melted  state. 
Thus,'for  instance,  the  substances  represented  by  the  symbolic  formula  3CaO, 
2SiO»  +  8MgO,  2Si03,  (SCaO),  Si»  +  Al'O'SiO',  are  both  tolerably  fusible, 
and  even  the  corresponding  compound  of  magnesian  and  aluminous  silicates 
may  be  melted. 

The  compounds  of  silica  with  the  protoxides  of  iron  and  manganese, 
corresponding  with  the  formula  a  and  &,  are  very  fusible  substances,  but  the 
compounds  of  silica  with  peroxide  of  iron  are  stated  to  be  infusible. 

Plattner  has  estimated  the  melting  point  of  some  slags  as  follows ; — 

Slag  from  iron  smeltrag  in  (  3CaO,  2Si03  +  Al^O^SiO'  contain- )  ouos*  Fah. 

shaft-funiace  \  ing  three  per  cent,  protoxide  of  iron  j 

Slag  from  iron  smelting  in  (         (CaO,  MgO)  (SiO»Al»03)  \  „ .  ,oo  t?o1. 

^    shaft.funuuy»  \ug  :  Ca  =  2  :  8  Al  :  Si  =  1  :  fiP*^^  ^^' 

(3[3RO,  SiOS]  +  A1»0*  2SiO»  oon-  ( 
Slag  from  Idad  smelting       I  taining  lime,  magnesia,  protoxide  of  <  2403^  Fah. 

( iron,  and  1*5  per  cent  oxide  of  lead  ' 
Shg  from  copper  smelting  {       4[3FeO,  SiO«  +  APO^  SiO']      {  2440'  Fah. 

The  following  melting  points  of  metals  will  serve  for  comparison : — 

Silver  .  .  1873' Fah. 

Gold    .  .  .  2015*  Fah. 

Copper  .  2148**  Fah. 

Platinum  .  4593<»  Fah. 
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The  mode  of  solidificatioii  is  another  important  character  of  slags.  The 
slags  consisting  chiefly  of  silicates,  corresponding  with  the  general  formula  d, 
are  yeiy  Hquid  when  melted,  and  solidify  rapidly ;  those  corresponding  with 
the  formolffi  a  and  b  are  viscous  when  melted,  and  solidify  much  more 
slowly. 

Although  slags  are  in  all  instances  to  be  symboled  as  chemical  compounds 
of  silica  with  bases,  it  is,  nevertheless,  possible  that  a  slag  may  consist  of  a 
mixture  of  several  distinct  silicates,  since  both  the  simple  and  double  silicates 
are  miseible  in  all  proportions  when  melted,  and  since  the  cooling  of  the  slag 
takes  place  too  rapidly  to  admit  of  a  separation  of  the  different  silicates 
which  it  may  contain  this  is  in  fact  the  most  frequent  case,  slags  con- 
sisting as  a  whole  of  a  distinct  chemical  compound,  being  of  rare  occurrence.  * 
It  is  only  the  slags  which  contain  but  one  base,  such  as  the  ferruginous  slags, 
consisting  of  protoxide  of  iron  which  consists  entirely  «f  one  silicate,  and  even 
these  are  sometimes  mixed  with  other  substances;  thus,  for  instance,  the 
slag  obtained  in  refining  iron,  is  a  mixture  of  silicate  oLiron  (8FeO)SiO'  with 
oxide  of  iron  FeO,  Fe'O^  in  variable  proportions. 

Slags  are  either  vitreous  or  stony,  and  in  the  latter  ease  they  are  not  un- 
frequently  more  or  less  crystalline. 

The  amorphous  slags  in  their  most  perfect  state,  appear  as  true  glasses, 
and  are  transparent  when  they  do  not  contain  metallic  oxides  in  large 
amount.  Their  fracture  is  conchoidal,  and  the  structure  the  same  in  all 
directions.  This  class  of  slags  comprises  many  that  must  be  regarded  as 
mixtures,  and  for  that  reason  have  not  a  crystalline  structure.  But  all 
vitreous  slags  are  not  of  this  kind,  this  peculiarity  of  structure  being  some- 
times the  result  of  rapid  cooling. 

The  stony  slags  are  Hkewise  either  mixtures  or  definite  compounds.  It 
is  the  latter  kind  only,  that  are  crystalline. 

Every  well  conducted  melting  operation  involves  the  production  of  a  slag 
possessing  a  certain  constant  composition  and  uniform  degree  of  fosibility ; 
and  any  development  of  the  requisite  conditions  becomes  evident  in  the  pro- 
duction of  abnormal  slags.  When  the  chemical  nature  of  the  ore  is  kn6wn, 
it  is  generally  easy  to  prepare  the  charge,  so  as  to  answer  the  success  of  the 
operation  by  a  due  regard  to  the  general  principles  already  stated  in  refer- 
ence to  the  fasibility  of  the  silicates. 

The  object  of  the  most  important  melting  operations  in  metallurgy,  being 
to  effect  the  reduction  of  a  particular  metallic  oxide  at  the  lowest  possible 
temperature ;  and  at  the  same  time,  the  separation  of  the  substances  mixed 
with  the  ore,  by  converting  them  into  a  fusible  slag.  The  degree  of  fusibility 
requisite  for  the  slags,  will  therefore  depend  upon  the  temperature  at  which 
the  oxide  is  reduced ;  the  lower  the  temperature  the  more  fusible  must  the 
slag  be.  Hence  one  of  the  most  important  conditions  to  be  secured  is,  that 
the  charge  may  contain  such  substances  as  will  contribute  to  the  production 
of  slag,  and  in  such  proportions  that  the  slag  will  have  the  proper  degree  of 
fasibility.  At  the  same  time,  the  slag  must  never  be  so  fusible  as  to  melt 
at  a  lower  temperature  than  that  at  which  the  oxide  is  reduced,  for  in  that 
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case  a  portion  of  the  oxide  would  be  dissolved  by  the  slag,  inyolying  a  coires-  ' 
ponding  loss  of  metaL  | 

Imperfectly  melted  slags  always  present  a  kind  of  granular  fracture,  and  • 
are  produced  when  the  charge  is  not  properly  prepared,  when  either  ailiea  or 
lime  preponderate,  or  when  the  amount  of  alumina  or  magnesia  is  very  large.  | 
They  may  also  be  produced  when  the  quantity  of  fuel  is  too  small  in  propor- 
tion to  that  of  the  charge,  and  when  consequentiy  the  temperature  produoed, 
is  not  sufficientiy  high  to  effect  the  proper  fusion.  When  the  proportion  of 
base  is  too  small,  there  may  be  a  loss  of  metal,  owing  to  the  oxide  being 
dissolved  by  the  slag,  and  taking  the  place  of  the  deficient  base. 

The  ore  sometimes  contains  metallic  sulphides,  which  collect  in  a  homo- 
genous mass  called  "  metal "  or  matte,  and  in  other  cases  slag,  metal  and 
regulus  are  produced  together.  The  slag  always  forms  the  upper  layer,  the 
regulus  is  always  at  the  bottom,  and  the  metal  between  the  two.  Sometimes 
a  fourth  layer  is  produced,  contaroing  a  large  amount  of  arsenic  or  antimonj, 
and  called  "  speiss." 

The  melting  operation  is  generally  conducted  in  a  shaft-furnace  or  rever- 
beratory-famace ;  in  the  former,  the  charge  is  in  direct  contact  with  the 
fuel ;  in  the  latter,  it  is  acted  upon  only  by  the  heated  gases  produced  by 
combustion. 

In  most  melting  operations  the  chief  chemical  process  consist  in  the 
abstraction  of  oxygen  from  some  oxide  or  oxidized  compound  of  a  metal,  or 
as  it  is  technically  termed,  the  reduction  of  the  metalliferous  substance.    The  I 
reducing  substances  usually  employed,  are  carbon  in  the  state  of  coal,  char-  ' 
coal,  &c ;  also  carbonic  oxide,  carbonetted  hydrogen  and  hydrogen,  which  are  | 
generated  by  the  partial  combustion  of  the  fuel,  and  by  the  action  of  heat 
upon  it.    At  high  temperatures  carbon  abstracts  oxygen  from  aU  metallic 
oxides  iliminating  the  metal  and  producing  carbonic  oxide.    Metallic  oxides  ; 
differ  considerably  in  this  respect,  some  being  reduced  with  great  ease  at 
low  temperatures,  even  without  the  aid  of  carbon  or  any  other  substance  j 
to  combine  with  the  oxygen;   others,  again,   require  to  be   subjected 
to  the  action  of  the  most  intense  heat,  and  the  most  powerfal  reducing  | 
agents. 

The  mode  in  which  the  reduction  takes  place,  is  not  in  all  cases  the  j 
same ;  when  the  oxygenous  substance  is  readily  fusible,  there  is  an  intimate 
contact  between  it  and  the  coal,  as  in  the  reduction  of  oxide  of  lead  or  of  ) 
bismuth ;  but  when  that  substance  is  not  fosible,  the  contact  is  slight,  even  > 
when  it  and  the  coal  are  finely  powdered,  and  the  reduction  would  be  only 
partial  if  another  favourable  circumstance  did  not  determine  the  contrary.  . 
The  oxygen  of  the  atmospheric  air  filling  the  interstices  of  the  mass,  com- 
bines with  the  carbon  present  in  excess,  producing  carbonic  oxide,  which  i 
coming  in  contact  with  the  oxygenous  ore,  effects  its  reduction,  and  by  | 
abstracting  its  oxygen,  is  converted  into  carbonic  acid.    For  the  production  | 
of  the  carbonic  oxide  requisite  for  the  complete  reduction  of  the  ore,  it  is  not  i 
essential  that  there  should  be  a  continued  supply  of  fresh  atmospheric  air. 
because  the  carbonic  acid  in  contact  with  red  hot  fuel,  is  again  converted  i 
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into  carbonic  oxide,  which  reduces  a  fresh  portion  of  oxide,  and  thus  serves 
to  abstract  the  oxygen  from  the  whole  of  the  ore. 

In  this  way  the  reduction  of  metallic  oxides  which  are  not  easily  melted, 
may  be  effected  in  closed  vessels  by  means  of  coal.  It  is  not  until  after  the 
reduction  has  been  effected,  that  the  fusion  of  the  metal  takes  place. 

It  has  already  been  remarked  that  ores  contain  various  admixtures, 
which  are  either  basic — ^like  the  earths,  or  acid — like  silica,  in  their  chemical 
relations,  and  consequently  the  substances  to  be  added  to  an  ore  in  preparing 
the  charge  for  the  melting  operation,  will  depend  upon  the  nature  of  these 
admixtures.  Thus,  ai^ceous  ores  require  an  addition  of  base ;  calcarious 
ores  an  addition  of  silica,  &c.  The  substances  that  are  most  generally  used 
for  this  purpose  are  silica,  in  the  state  of  quartz,  sand,  &c. ;  carbonate  of 
lime  in  the  state  of  limestone,  ^r  dolomite,  fluor  spar,  or  slags  from  previous 
operations. 

Slags  are  employed  in  melting  operations,  chiefly  on  ttccount  of  their 
solvent  action  upon  certain  metallic  oxides.  The  kind  of  slag  to  be  used 
wUl  depend  upon  the  nature  of  the  substance  to  be  separated  in  the  fusion. 
It  is  chiefly  for  the  purpose  of  separating  the  oxides  of  iron  produced  in  the 
roasting  of  certain  ores,  from  other  metallic  oxides  with  which  they  are 
associated,  that  the  sblvent  action  of  slags  is  taken  advantage  of  in  metallur- 
gical operations.  Thus,  for  instance,  when  a  mixture  of  peroxide  of  iron, 
suboxide  of  copper,  and  a  slag  corresponding  with  the  formula  b  or  J,  is 
melted  under  conditions  that  effect  reduction ;  the  peroxide  of  iron  will  be 
reduced  to  protoxide,  and  then  dissolved  by  the  slag,  while  the  reduced 
copper  will  collect  as  a  regulus  under  this  slag.  In  similar  cases  all  oxides 
that  are  not  easily  reduced,  will  behave  like  peroxide  of  iron,  and  those  that 
are  readily  reduced  will  behave  like  oxide  of  copper.  It  may  indeed  be 
regarded  as  a  general  rule  that  when  a  mixture  of  oxides  that  are  unequally 
reducible,  with  a  slag  containing  a  certain  amount  of  silica,  is  melted  under 
circumstances  that  determine  reduction,  the  less  reducible  oxides  are 
dissolved  by  the  slag,  while  the  more  reducible  oxides  are  deprived  of  their 
oxygen  entirely,  and  the  metal  obtained,  a  regular  proportion  of  this  result 
requires  that  t^e  slag  should  be  present  in  a  certain  production,  and  that  its 
melting  point  should  be  between  that  of  the  different  oxides.  When  there 
is  not  sufficient  slag  to  dissolve  the  whole  of  the  protoxide  of  iron,  a  portion 
would  be  reduced  to  metal,  and  the  slag  was  fusible  at  a  temperature  [lower 
than  that  at  which  the  suboxide  of  copper  is  reduced,  a  portion  of  this  oxide 
would  be  dissolved  by  the  slag  and  its  reduction  prevented,  while  if  the  pro- 
toxide of  iron  was  reduced  at  a  temperature  lower  than  that  at  which  the 
slag  melted,  the  regulus  would  contain  a  considerable  amount  of  iron. 

Metallic  lead  is  sometimes  employed  as  a  solvent  in  a  similar  manner. 
When  this  metal  is  melted  with  aiuiferous  or  argentiferous  sulphides ;  it 
dissolves  the  gold  or  silver,  sulphide  of  lead  being  produced,  and  gold  or 
silver  is  eliminated,  while  there  is  scarcely  any  reaction  of  a  similar  kind 
between  metallic  lead  and  the  sulphides  of  iron  or  of  copper.  By  this  means, 
therefore,  auriferous  or  argentiferous  lead  is  obtained  as  the  product  of  the 
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fusion,  together  with  a  matte  of  sulphide  of  iron,  or  of  copper,  which  on 
account  of  the  inferior  density  of  these  substances,  collects  upon  the  top  of 
the  lead. 

Some  sulphides  also  serve  for  the  extraction  of  gold  or  silyer  from  melted 
ores,  thus  for  instance,  sulphide  of  iron,  iron  pyrites,  or  magnetic  pjrrites. 
that  contained  only  a  small  amount  of  silyer,  and  which  when  melted  alone, 
would  jrield  slags  that  contained  a  very  considerable  proportion  of  the  silTer, 
dissolves  almost  the  whole  of  the  silver  as  sulphide. 

There  is  another  purpose  which  metals  serve  in  some  melting  operations; 
this  is  the  decomposition  of  sulphides,  and  the  elimination  of  one  metal,  by 
another  metal  whose  sulphide  is  more  stable  under  the 'circumstances.  Thus 
when  sulphide  of  lead  is  melted  with  metallic  iron,  the  sulphur  is  transferred 
from  the  lead  to  the  iron,  and  the  lead  is  obt|ined  as  a  regulus.  Iron  is  the 
only  metal  which  is  used  for  this  purpose  in  metallurgy ;  consequently  the 
relation  of  iron  to  sulphides  is  especially  of  practical  interest 

The  results  of  Fournets's  experiments  on  the  reaction  between  solphidee 
and  metals,  may  be  generally  expressed  as  follows : — 

Of  the  sulpliides  of  copper,  iron,  tin,  zinc,  lead,  silver,  antimony,  and 
arsenic.  Sulphide  of  copper  is  most  stable,  and  sulphide  of  arsenic  the  least 
so ;  the  other  members  of  the  series  differing  in  this*  respect,  according  to 
their  position.  Any  two  of  the  metals  which  are  next  to  each  other  in  this 
series,  do  not  abstract  from  the  sulphide  of  one  of  them  the  whole  of  the 
sulphur ;  but  the  abstraction  of  sulphur  from  the  sulphides  of  this  metal,  is 
effected  most  completely  by  this  more  remote  proceeding  member  of  the 
series. 

The  metals  of  the  alkalies  and  alkaline  earths,  are  the  most  effectual  in 
abstracting  sulphur  from  metallic  sulphides.    The  influence  of  the  metals  is 
exercised  when  their  oxides  are  ignited  together  with  carbon  in  some  state, 
and  a  metallic  sulphide.    By  this  means  the  alkaline  metal  is  eliminated  by  , 
the  carbon,  and  thus  exercises  its  desulphurizing  action  upon  the  metaUic 
sulphide,  giving  rise  to  the  production  of  a  regulus  and  an  alkaline  sulphide,  i 
Very  frequentiy  the  whole  of  the  metallic  sulphide  is  not  decomposed,  a  > 
portion  of  it  being  dissolved  by  the  alkaline  sulphide  produced.    "When  the 
melting  is  made  without  coals,  a  regulus  is  still  obtained,  and  at  the  same 
time  a  metallic  sulphate  of  oxide  is  produced  by  the  action  of  the  oxygen  of 
the  alkali  upon  the  metallic  sulphide.    At  the  same  time  a  considerable  , 
portion  of  the  metallic  sulphide  is  dissolved.    When  an  alkahue  or  earthy 
carbonate  is  used,  the  decomposition  is  still  less  complete.    Thus  sulphide 
of  copper  melted  with  carbonate  of  potash  is  not  all  decomposed,  but  when 
melted  with  caustic  potash  it  is  decomposed.     However,  when  carbon  is 
added,  the  same  effect  is  produced  with  the  carbonates  as  with  the  caustic 
alkalies  or  earths. 

Oxidation  is  another  feature  of  the  melting  operation,  which  is  frequently 
important  in  metallurgical  practice,  inasmuch  as  it  is  a  means  by  which  < 
substances  that  are  readily  oxidized,  may  be  separated  from  others  which 
are  less  readily  oxidized,  more  especially  when  the  former  are  in  the  state  of 
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oxide,  either  volatile,  fusible,  or  dissolved  by  the  ordinary  fluxes.  The  most 
general  oxidizing  agent  is  atmospheric  air ;  but  sometimes  substances  are 
used  which,  like  oxide  of  lead,  sulphates  of  copper,  or  of  iron,  nitre,  and 
basic  silicate  of  protoxide  of  iron,  yield  oxygen  at  high  temperatures. 

Thus,  for  instance,  when  a  current  of  air  is  passed  over  the  surface  of 
melted  copper  containing  iron,  cobalt,  lead,  antimony,  arsenic,  and  sulphur, 
the  last  three  substances  are  volatilized  as  oxides,  while  a  more  or  less 
liquid  layer  collects  upon  the  surface  of  the  copper,  consisting  of  oxide  of 
iron,  protoxide  of  cobalt,  oxide  of  lead,  antimonons  acid,  and  suboxide  of 
copper,  and  the  greater  portion  of  the  copper  remains  as  almost  pure  metal. 
The  larger  the  proportion  of  lead  as  compared  with  the  other  metals  to  be 
separated,  the  greater  wiU  be  the  fusibility  of  the  mixture  of  oxides,  and 
when  the  proportion  is  small,  some  means  must  be  devised  of  removing  it, 
so  that  a  fresh  metallic  surface  maybe  exposed  to  the  oxidizing  action  of  the 
air.  This  takes  place  when  the  mixture  of  oxides  are  liquid,  and  the  quality 
is  not  very  considerable,  partiy  in  consequence  of  the  convexity  of  the 
surface  of  the  melted  metal,  and  partiy  by  the  mechanical  action  of  the 
blast. 

The  results  obtained  by  Berthier,  in  reference  to  the  reaction  of  metallic 
oxides  upon  different  metals  may  be  generally  expressed  as  follows ; — 

When  one  of  the  more  readily  oxidable  metals  is  melted  with  the  oxide 
of  another  metal,  there  is  always  an  oxidation,  at  least  partial,  of  the  former, 
and  the  proportion  of  oxide  produced,  is  determined  partly  by  the  relative 
amount  of  the  oxide  employed,  and  partiy  by  the  degree  in  which  the  metal 
is  electro-positive  to  the  oxide,  or  the  oxide  electro-negative  to  the  metal. 

The  reaction  between  oxide  of  lead  and  metallic  sulphides  when  melted 
together,  is  of  especial  importance  in  metallurgy.  When  the  sulphides  of 
iron,  or  of  copper,  or  copper  pyrites,  are  melted  with  a  sufficient  proportion 
of  oxide  of  lead,  the  whole  of  the  siQphur  is  volatilized  as  sulphurous  acid, 
and  the  iron  or  copper  is  oxidized,  the  iron  probably  as  FeO  Fe'O*,  the  copper 
Ga^O,  while  the  oxide  of  lead  that  is  not  decomposed,  forms,  together  with 
the  oxide  of  iron  or  copper,  a  vitreous  slag,  which  collects  on  the  top  of  the 
metallic  lead.  When  the  oxide  of  lead  amounts  to  less  than  twenty  times 
the  weight  of  the  copper  pyrites,  the  sulphide  of  copper  is  not  wholly  decom- 
posed ;  and  the  portion  that  remains  is  not  dissolved  by  the  slag  consisting 
of  oxides  of  lead  and  oxides  of  iron,  but  forms  together  with  a  part  of  the 
metallic  lead  a  matte. 

Carbonate  of  lead  acts  in  the  same  manner  as  oxide  of  lead,  into  which 
it  is  converted  by  loss  of  carbonic  acid. 

Silicate  of  lead  acts  in  a  similar  manner,  but  a  much  larger  proportion, 
and  a  higher  temperature  are  required.  The  slags  produced  consist,  in  these 
cases,  of  double  silicates  of  lead  and  the  oxide  of  tiie  metal  worked.  Sulphate 
of  lead  is  a  much  more  effective  oxidizing  agent  than  oxide  of  lead,  inasmuch 
as  the  sulphuric  acid  it  contains,  contributes  oxygen  to  its  conversion  into 
sulphurous  acid.  Thus  sulphate  of  lead  melted  with  sulphide  of  lead  in 
certain  proportions,  yield  only  lead  and  sulphurous  acid.    Protosulphate  of 
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iron  and  sulphate  of  copper  exercise  a  similar  deoxidizing  action  when  melted 
together  with  sulphides. 

The  nitrates  of  potash  and  soda,  although  powerful  oxidizing  agents,  are 
hoth  too  costly  to  be  used  except  in  some  few  metallurgical  operations. 

Basic  silicate  of  protoxide  of  iron  [6FeO]  SiO'  is  an  oxidizing  agent 
which  is  employed  in  one  of  the  most  important  metallurgical  operations, — 
the  refining  of  iron!  The  theory  of  this  operation  is  the  following : — ^When 
iron  containing  carbon,  silicum,  sulphur  and  other  substances  that  are  more 
oxidable  than  iron,  is  melted  with  this  basic  silicate  of  iron,  or  heated  with 
it  so  strongly  that  the  iron  softens  and  the  silicate  melts,  one  half  of  the  pro- 
toxide of  iron  contained  in  the  latter  is  decomposed  into  iron  and  oxygen, 
which  combines  with  the  above  named  substances,  the  remoTal  of  w^hich 
from  the  iron  is  the  object  of  the  refining  operation.  In  this  way  the  carbon 
is  converted  into  carbonic  oxide,  the  silicum  into  silica,  and  the  sulphur  into 
sulphurous  acid,  while  the  silicate  is  converted  from  (6FeO)  SiO^  into 
(3FeO)  SiO'. 

The  examples  already  given  will  suffice  to  show  that  the  chemical  pro- 
cesses which  take  place  in  the  melting  operations,  are  of  very  different  and 
even  opposite  natures.  From  a  practical  point  of  view,  however,  that  par- 
ticular reaction,  which  is  most  immediately  connected  with  the  result  sought 
to  be  attained,  is  alone  refered  to  in  speaking  of  the  operation,  although 
reduction  is  always  accompanied  with  oxidation,  and  the  reverse. 

In  different  melting  operations,  two  or  more  of  these  processes  may  take 
place  simultaneously ;  thus,  for  example,  when  a  mixture  of  suboxide  of 
copper,  oxide  of  iron,  and  slag  containing  excess  of  silica,  is  melted  under 
conditions  which  determine  reduction,  the  oxide  of  copper  is  reduced,  and 
copper  eliminated  as  regulus,  the  oxide  of  iron  is  reduced  to  protoxide, 
which  is  dissolved  by  the  slag,  so  that  this  melting  operation  is  both  reducing 
and  solvent. 

Again,  when  ore  consisting  of  sulphide  of  lead,  gangue,  or  earthy  sub- 
stances, is  melted  with  oxide  of  iron  and  a  suitable  slag,  the  action  that  takes 
place,  consists  in  the  solution  of  the  gangue  or  earthy  substances  by  the 
melted  slag ;  the  reduction  of  oxide  of  iron  to  protoxide,  which  reacts  upon 
the  sulphide  of  lead,  oxidising  a  portion  of  its  sulphur,  which  is  volatilized  as 
sulphurous  acid ;  while  the  iron  thereby  eliminated,  abstracts  the  remaining 
portion  of  sulphur,  and  precipitates  the  lead  as  regulus.  In  this  case,  the 
reaction  comprises  all  the  important  features  of  the  melting  operation. 
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Carbon  renders  iron  fusible      ...     16 
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bihydro 110 

evolved  in  lyspiratiou  .  .  106 
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Carbonaceous  iron  ores  ....  156 
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exists  chemically  combined  in  steel  335 

Carbonate  of  lime  with  copper  .  .  625 

of  copper  ....  628,  629 

white,  yields  the  best  iron        .  164 

of  sine 606 

of  lead,  its  action  .611,630 

Carbonic  aoid,  how  semrated  finom  iron  .  7 
———gas,  t£e  first    product  of 

combustion 17 

how  separated  by  eaJcinar 

tion 21 

used  in  rossting  .  .21 

discharged  by  respiiBtioii  .  106 

— ^— ^— ^—  in  air,  a  poison   .  .  109 

in  the  iron  ores  .       .        .  177 

Carboniferous  iron  ores  .  157,  161 

Carbonic  oxide  ftrom  burning  coal  .  .  17 
Carburetted  hydrogen  .18,  106 

its  heating  power    .    61 

Carburets  of  iron 22 

of  lead 610 

Carinthift,  its  iron  ores  ....  164 
Carronade,  a  standard  navy  gun  in  1779  .  387 
Carron  Company's  castings  .  508 

CompanT,impToversof  cast-iron  guns  887 
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Caasiterite,  » tin  ore  .       .  570 
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differs  firom  wrought-iron  .       ,      6 

^rders,  quantity  exported  .        .     6 

■  its  enormous  production     .       .      6 

'    ■  its  superior  aavantages  9 

hardness,  its  cause      .       .        .16 

converted  into  soft  iron      .        .    22 

» carburet 22 

puddling  by  Cort         .        .        .147 

smelting  in  India  .        .  179 

liquid.  Its  {pressure  per  square 

inch 209 

its  strength  and  properties   210,  219 

chiDed 218 

effect  of  hot-blast       .       .        .212 

increases  in  strength  up  to  the 

twelfth  melting 214 

ordnance  manufacture  .  885 

is  superior  to  every  other  ma- 
terial for  ordnance  ....  389 
ordnance  exported  at  the  time 

of  Elisabeth 898 
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bridge  at  Colebrook-dale   .       .  413 
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its  constituents  .        .        .886 
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Cast  and  wrought  iron  for  ordnance  .  .  319 
Casting,  attention  required  as  to  cooling   .  395 

1 — effects  of  akm  cooling  .        .217 

Castings,  close-flaak,  necessary  precaution  217 

their  different  kind  .        .203 

^— ^—  from  cupolas  are  weaker  .  .  203 
^—  in  ereen  sand        ....  201 

in  dry  sand  .        .        .206 

lATge,  precautions  necessary       .  209 

— — ^—  recent  not  so  good  as  the  ancient  213 

wrought  iron         ....  328 

of  the  Colebrook-dale  bridge       .  388 

heated  with   hcematite   acquires 

malleabiHtj 231 

iron,  Berlin 498 

iron,  malleable      ....  601 

of  Sheffield,  Derby,  and  Scotland  603 

Casting  iron,  when  first  invented        .        .  146 

ornamental  work    .  .  493,  404 

steel 354 

Cast-steel,  discovery  of       ...        .  347 

from  crude  pig-iron  ...      8 

firom  cast-iron   ....  365 

chisels 376 

cannon  of  Kmpp      .  .  389 

its  discoreiy  and  manufacture  347 

uniting  to  iron  .  366 

not  to  be  confounded  with  cast- 
ings from  steel 3S3 

Cast-iron  utensils,  how  tinned    .  .  306 

Catalan  forge 180 

forgea,  blowing  machine       .        138* 

trompe 38 

Cementation 22 

Ceramic  wure  tinted  blue  by  cobalt  .  .  80 
Chain,  Berlin  iron  casting   ....  499 

blast 33 

bridges 445 

piers 446 

riveting,  ifhat  is        ....  460 

Chains,  their  tendency  to  crystallize  .  .  332 
Chalk  an  excellent  flux  .176 

separates  phosphorus  from  iron      .  176 

Champion's  sine  works  ....  691 
Chantrey's  bronze  razor  .  .  .  .11 
Charcoal,  how  used  to  convert  iron  into 

steel .4 

its  heating  effect        ...    46 

--   ■■  obtained  from  beech  .        .  175 

of  peat  is  difficult  to  be  managed    43 

powder  is  unadapted  for  lur- 

naces 33 

pure,  leaves  no  ashes        .        .    30 

smelted  iron  superior  to  coal 

smelted 5 

Charles  II.  metal  statue  .  .  .  .611 
Charring  wood  described  .  .  .  .174 
Chemioid  summary 622 

characteristics  of  antimony       .    76 

changes  by  gas     .        .        .        .196 

characters  of  copper  ores   .  620,  530 

characteristics  of  iron .        .        .66 

of  lead.        .        .    61 

of  tin    ...    70 

of  zinc.        .        .    73 

combinations  liberateh  e»t .        .     15 

principles  of  iron  production      .  1S2 

reactions  in  furnaces   .        .        .  189 

Chemistry,  metallurgio        ....      1 

sprung  from  metallurgy    .        .      3 

Children  employed  in  mines       .       .         141* 
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Chilled  oastinffs  .       .       .       .  208,  216 
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Chimney  draught,  its  cause  .        .    36 

Chimneys   of  iron,  »  necesaity  in  loco- 
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not  advantageous     .    36 
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■       how  early  it  used  gnna  .  386 

Chinese  gongs,  their  alloys         .        .  627,  669 

process  of  zinc  smelting        .        .  591 

Chipping  tools,  what  steel  they  are  made 

from 336 

Chisels,  oast-steel 376 

Chisel,  a  mining  tool 97 

Chlorides  and  sulphides  ....  20 
Chloride,  a  most  miportant  salt .        .       .    23 

of  tin  used  for  dyeing        .        ,  670 

of  zinc,  a  disinfectant  .        .        .608 
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used  in  roasting    .  .21 

used  to  separate  metals  from  salts    23 

Choke-damp,  what  is  ....  106 

Chromate  or  copper  .631 

Chromate  of  iron. 66 

ore 166 

Chromates  of  ores 61 

Chromium  alloTS  vrith  iron  .  298 

ftisible  in  the  hvdro-oxygen  jet    14 

oxides,  how  reouced         .        .    17 

its  colour      .        .        .611 

ChrysocoUa 631 

Churches  of  iron 488 

a  design  ....  623 

Cinder  of  blast  furnaces  considered   .       .  199 

Cisterns  of  lead 611 

Civihzation  cannot  exist  without  iron  .  11 
Clark's  (Tiemey)  bridges    .  .  446,  448 

Clay  slate,  associated  with  copper  .  526 

iron  stone 6,  66 

Clay's  patent  for  refining  iron  .  .  .  264 
Claypot  for  steel  making  .  .  .348 
prevents  the  separation  of  water  from 

minerals 21 

slate,  when  it  indicates  a   mineral 

vein 91 

Clay's  (Mr.)  working  iron  in  large  masses  11 
Clement's  pyrometric  measure  .  .  .60 
Clervalironfumaoe,  table  of  gases    .        .    31 

Cleveland  iron  ore 166 

Clouet's  damaskeened  steel        .       .       .  368 

Cliche  metal 607 

Coal,  a  deoxidizing  agent    .        .        .        .17 

considered 43 

a  mixture  of  hydrogen  and  carbon    .    30 

introduced  in  the  practice   of  iron 

smelting 6 

has  more  heating  power  than  coke     .    30 

when  first  extracted  in  Belgium         .    44 

used  in  Britain   .        .        •44 

in  London  .        ,        .44 

smelted   iron    inferior    to   charcoal 

smelted 5 

evolves  carburetted  hydrogen    .       .    18 

burning  prohibited  in  London    .        .    44 

annualh^  raised  in  Oreat  Britain        .    45 

where  found 43 

first  attempts  at  iron  smelting    .       .  146 
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Coal  its  constituents  .        .        .       y        .  171 

in  mines  undergoM  decomposition    .  106 

its  heating  power        ....  137 

the  escape  of  gas  has  blown  up  vessels  110 

its  rariouB  qualities     .        .        .        .171 

mining  described         .  .        .171 

one  pound  raises  500,000  cubic  feet  of 

air  one  decree 138 

raw  substituted  to  coked  coal    .        .  148 

the  best  suited  for  converting  iron  into 

steel 341 

ashes 171,  172 

ookinff  described         .  .        .171 

dust  urown  off  by  expectoration       .  118 

fields  described    .        .        .        .    90,  170 

iron  ores    .        .        ,        .        .  158 

fint  imported  into  Paris  in  1520        .    44 

ftiel  compared  with  wood    .        .        .261 

pits.  Scotch,  commenced  in  1231        .    44 

Cobalt  aUoys  with  iron  .  .300 

a  compound  both  acid  and  basic     ,    13 

not  a  completely  fusible  metal         .    14 

described  .  ^ 80 

oxides,  how  reduced         .        .        .17 

melting  point    .....    63 

sulphide,  its  changes  under  roasting    20 

its  presence  indicated       .        .        .57 

reouction 80 

Cobbing  copper  ore     .        .   '    .        .        .  632 

Cog  and  rung 398 

Cohesion,  a  property  of  metals  ...      2 

its  most  perfect  state  is  in  crystals    11 

Coinage  alloys  of  gold,  silver,  and  copper  .  626 
Coke  introduced  in  iron  smelting        .        .      6 

has  less  heating  power  than  coal       .    80 

superseded  by  raw  coal       .        .        .  148 

manufacture 171 

Coke  is  exceedinglr  hygroscopic  .  .  173 
Coking  coal  described  .  .  .  .171 
Colebrook-dale  castings      ....  398 

bridge         ....  443 

iron  gates   .        .        .        .603 

C<dqnhottn's  analysis  of  iron  ores  .  169,160 
CoUierr,  Blackboy,  ito  ventilation  .  13S* 
Collieries,  Elsecar,  their  ventilation  .         137* 

explosions     .        .      140.*  141,*  142* 

of  Flenu 108 

rules     ....        14a,»  148* 

Colliery,  Cymmer,  its  bad  ventilation        .  137 

explosion         .        .         144* 

Felling,  its  ventilation  .        .132,136 

Hetton,  its  ventilation  133,  137,  140, 

141 

Marihaies,  its  ventilating  machine  143 

Middle  Dyfiryn,  its  ventilation     .  143 

Collieries,  Moira Ill 

Colliery,  Morfa,  its  ventilation    .        .        .137 

^  Monkwearmouth  .  .  113,  115 

Colliers,  number  annually  iniured  139* 

Collieries  of  Dur,  their  gooa  ventilation  .  lOS 
Colliery,  Beaton  Delaval,  its  ventilation     .  141 

its  ventilation  .        .        .  128 

temperature  of  air  .        .114 

Felling,  explosion         .        .         140* 

Tynemain,  ventilation  .        .  128,  129 

its  ventilation  139,141,142 

Walsend,  explosion        .        .         140* 

Colliers  were  slaves  before  1775  140* 

CoUiery  ventilation,  MonkwearmouUi  .  130 
Columbinm  alloys  with  iron  .  285 
Colours  of  elass  and  porcelain,  how  obtained  27 
Cvlunuis  or  cast  iron 433 
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Combustibles .29 

Combustion  principally  due  to  oxygen        .    13 

^now supported       .        .        .    » 

defined 29 

its  products    .        .        .        .31 

Combustive  functions  described  .        .    30 

Compass,  its  variation  in  iron  vessels  .  4flN 
Compression,  cylinders,  for  blowing  .        .    96 

its   resistance  in  iron  ship*  279 

Constantinople,  siege  by  the  Turios,  cannons 

were  used 887 

Contraction  of  metals  in  cooling  .  .  ^5 
Conway  and  Menai  straits'  brid^ges     .        .  416 

tube,  its  strength    ....  463 

Cooling  metals,  dieir  contraction  .  .  395 
Copper,  a  compound  both  acid  and  basic  .  13 
a  ftuilue  metal  .        .14 

•  and  tin  alloys  are  hard  .  .16 

ferric  pyrites  ....    65 
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•  extracting  .      66, 93 

bottoms  of  ships,  their  protection       9 

combines  with  carbon  .        .21 

how  separated  from  lead       .        .    16 
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known  to  the  ancients    .  i      .        .12 

separated  tVom  lead  .        .66 

monosulphuret,  how  reduced        .    19 

oxides,  method  of  reducing  .        .    17 

melted  with  sine  produces  great 

heat 15 

ore  roasting 69 

its  changes  when  roasted  .    20 

viens  diMOvered  by  coeteening      .    91 

blende 66 

melting  point         ....    63 

minenQ  purple       .  »   .        •        .65 

grey 55 

yielding  districts    .        .        .        .    M 

determined  by  the  blow  pipe        .    66 

furnace  estimation  .        .67 

•  its  incressed  production        .        .  161 

chemicsl  characteristics  63, 64 

works,  Swansea      ....  Ill 

mentioned  by  Moses  .        .14(9 

mines  earliest  in  England      .        .  150 

Cornish  mines,  the  earliest    .        .  150 

the  counties  where  it  is  found       .  151 

of  Peru  analysed    .  .308 

bhick       ......  308 

mine  at  Voltcrra    ....  304 

rosette 307 

tinning    ......  307 

ore  jigging 634 

melting 546 

roasting  .        .    Ml,  545,  648, 540 

selling 537 

statistics  .        .        .  638 

separating  from  silver    .        .        .  564 

smelting 639,  662 

EngUsh  and  contiujental 

compared SOn 

works,  continental  .        ,  657 

(pvurc)  requires  increased  heat      .  565 

and  its  aUovs 566 
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alloy  with  iron        ....  300 
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Copper,  Msaring,  04,  67,  66;  by  refining,  563 

ameltiog,  point  of  .        .        .        .  624 

and  rinc  make  bram  ■oft       .        .    16 

bean  and  feathered  shot        .        .  661 

blistered 54B 

combines  imperfectly  with  lead    .  611 

contained  in  lead  of  commerce      .  606 

contained  with  sine        .  .  667 

mining  an  industry  distinct  firom 

copper  smelting 637 

■  Coppidl  mine  explosion  .  142* 
•              mining,  its  history         .        ,        .  149 

■  found  with  sulphuret  of  lead  .  609 
money  of  Constantino,  iron  found 

in  it 301 

orea,  analysis  by  Berthier  .  657 

■  cleaning         ,        .        ,        .  531 

-^^— —  crashing         ....  633 

fusing 643 

Corn-mill,  its  construction  described         .  400 

of  iron,  for  Hali  Pasha  .  439 

Cornwall  iron  ores       ....  163,  164 

tin  ores 570 

mines 91 

mining  commenced       .        .        .  149 

Tentilating  machine      .  .  143 

Cornish  ^stem  of  ascending  mines  is  bar- 
barous   102 

Cort  improrer  of  the  iron  processes  .       .  6, 7 

invents  puddling  cast  iron  .        .  147 

the  Nestor  of  the  British  iron  trade  .      6 

"  Coateening/'  a  mining  term,  explained  91,  93 
Cottam  and  Hallam's  iron  gates  .  608 

Cotton  grass  forming  peat  .42 

mills 402,408 

beams  broken  .  416 

spinning  machinoy  .  404 

Coulomb  on  temperature  of  air  in  mines  .  114 
**  Country."  a  mining  term,  explained  .  89 
Crane,  a  oivision  of  the  forge  .        .  310 

of  a  forge  described  .813 

Crane's  success  in  smelting,  with  anthra- 
cite    148 

Cranks  of  wrought  iron  fused  .  .  .  328 
"  Crase"  stones  in  the  stamping  .  .  580 
Cressy  battle,  cannons  were  us^       .        .  387 

Crichtonite  mineral 56 

Crocket's  iron  work,  ancient  .  607 

Crompton's  invention  ....  402 

Cross  beams  of  bridges,  their  construction  461 
"  Cross  courses,"  a  mining  term,  explained    89 

Crosafell  iron  ores 161 

Crosse's  patent  for  reducing  copper  orea  .  566 
*'  Crossing  "  currents  of  air  in  mmes  .  135 

Crowder's  analysis  of  iron  ....  199 

Crowler's  steel 836 

Crucible  described 69 

for  brass  making  .  .  567 

to  form  calcination       .        .        .21 

Crusher  in  tin  mining  ....  576,  577 

Crushing-mills 532 

Crystals  formed  in  alloys  .        .16 

formed  in  the  separation  of  alloys    16 

the  moat  perfect  coheBiYe  state  .  11 
Crystallization  of  iron  considered  .  .326 
CrystaUisinff  tendency  of  wrought  iron  .  1 1 
Cumberland  copi>er  mines  .        .        .  160 

mining  commenced         .        .  140 

iron  ores         .        .        .  161, 162 

iron  preferred  for  annealing  .  601 

Cupola,  a  furnace 202 

CupeUation  by  the  flame  of  coal  gas  .       .    32 
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CupeHation  prooesa,    its    similarity    with 

puddling 7 

Cupellinff  process 70 

Custom-house  of  iron  ....  410 
Cutting  bar  iron  to  length  ....  238 
Cutlery,  French  deficient  in  grinding  .  384 
>  manufacture  of      .        .        .  380,  381 

the  best  way  of  keeping        .        .  878 

what  steel  they  are  made  firom     .  336 

Cutters  for  nail-rods 247 

Catting  instruments  tempered  in  lead  bath  379 

puddle  bars 232 

Cylinders,  blowing 186 

compression  for  blowing    .        .    36 

moulding 208 

-^— —    pneumatic,  for  derating  mate- 

rials 185 

Cylindrical  pressure,  its  object  ...  7 
Cyprus  Island,  the  earliest  copper  mines  .  149 
Cymmer  colliery  accident  ....  137 
explosion         .        .         144* 

Damaskeened  steel 367 

Damascus  blades,  what  made  from  .  164 

Dancing  lights  an  indication  of  lodes  .    93 

Daniel!^  pjrrometer 50 

Daniell  on  melting  copper  ....  524 
Darby  and  Reynolds,  the  constmotors  of 
Colebrook-dale  bridge      ....  448 

Dary'slamp 140* 

Davy  lamps  in  the  Bchaumburg  mines       .  110 

lamp  not  a  protection  against  white- 
damp         Ill 

Davy's  tuggeslion  for  copper  bottomed 

ships 9 

"  Deads,"  a  mining  term,  explained  .  .  104 
Dean  Forest  mining  oommenoed  .  149 

Decks  in  iron  ships 471 

Deflections  of  the  Conway  tube  .  463 

Deflection  of  iron 437 

De  la  Eire's  experiments  on  rinc  .  592 

Delphi,  ancient  oronse  statues  of  .  .  150 
Deodorizer,  peat  charcoal  .        .48 

Deoxidising  agents      .        .        .        .      17, 16 

Derby  castings 508 

Derbyshire  iron  ores  .....  161 
Desorme's  pyrometric  measure  .  .50 

Despretz's  experiments  on  temperature  of 

mmes 115 

De  Sussex's  patent  for  reducing  copper  ores  566 

Devizes  iron  ores 166 

Devon  mines        ......    91 

Devonshire  iron  ores  .        .        .  163,  164 

Devon,  its  production  of  copper         .        .  151 
Dials,  enamel,  for  watches  ....  570 

Dialling  the  ground  in  mines  .  .  .  96 
Dioscorides  on  metallurgy  .        .        .12 

*'  Dipping  acid  "  bath  for  brass  work         .  567 

Disinfectant  liquor 608 

Distillation,  dry  process      ....    25 

furnace  for  mercury        .        .    26 

metallic 26 

Distilling  calamine 597 

*'Dilleughing"  oftinore  .  .  .  .579 
Diluvian  periods,  iron  ores  of  .  .  .  156 
Dolfrwynog  copper  ores  ....  557 
Door-handles,  ancient  ....  514 

Dorset,  early  iron  manufacture  .        .  146 

Dorset  iron  ore 157 

Dowseing-rod  for  discovering  mines  .  .  92 
"Drag"  of  the  mine,  what  is  .  .  .139 
Drainage  in  mines 96 
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Draining  iron  mines 167 

Drakes,  burning,  an  indication  of  lodea     .    92 

Drake  walls 570 

tan  ore 681 

— — ^— —  tin  mine 676 

Dredjge's  suspension-bridge  .  4A8 

Drilling  the  cock  in  mining  operations  .  07 
Driving  sear,  ancient  and  modem  .  .  401 
Dry  method  of  treating  ores  .        .  622 

Dodos  first  employs  aoida  in  treating  tin 

ores 681 

Ductility  in  alloys 16 

Dudley's  patent  for  smelting  iron  .  146 
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